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to Solve Your SPECIFIC 
Pumping Problems 


Every year the applications for Wilfley Sand ones 
become more varied. So many industries now re- 
quire low cost pumping of sand, slimes, slurries— 
abrasive solutions of all types. Wilfley Sand Pumps 
are designed to meet all requirements in the trans- 
fer of solids. They may be fitted with interchange- 
able electric furnace alloy iron, special application 
alloys, or rubber-covered wear parts. Whether you 
need belt driven, overhead V-belt driven, or direct 
driven pumps, Wilfley has them—available in 1”, 
4", 5", 6", 8” and 10” discharge 
sizes with capacities to 3600 GPM and heads as 
high as 200’. 


This all-around versatility plus continuous, 
maintenance-free performance and longer pump 
life make Wilfley the No. 1 choice of economy- 
minded plant operators throughout the world. To 
give you maximum economy in solids pumping, 
every Wilfley installation is Job Engineered. 


Write, wire or phone wittey Pum, 


for complete details. npanions in Economical Operat 
hy, 
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COMING EVENTS 


Oct. 12-14, 8th National Clay Conference, 
sponsored Clay Minerals Committee, Na- 

tional Ac y of Science—National Re- 

search Council, University of Oklahoma, 

Norman, Okla. 


Oct. 15, AIME Utah Section, “Operating Prob- 
lems Involved in Drilling, Shaft Sinking and 
Mining in the New Mexico Ambrosia Lake 
Region,” by Victor L. Stevens, Newhouse 
Hotel, Salt Lake City. 


Oct. 16-17, Illinois Mining Inst., 67th annual 
meeting, Oct. 16, Hotel Abraham Lincoln, 
Springfield, Ili.; Illinois vs Minnesota foot- 
ball game, Oct. 17, Champaign, III. 


om. 19-21, Congress, Mining Section, National 
Safety Council, Congress Hotel, Chicago. 


Oct. 27-29, 1959 AIME-ASME Joint Solid Fuels 
Conference, Netherland-Hilton Hotel, Cincin- 
nati. 


Oct. 28-31, International sivite Days and 
New Mexico Mining Assn., annual meeting, 
Paso del Norte Hotel, El Fase, Texas 


Oct. 30-31, AIME Central Appalachian Sec- 
tion and West Virginia Coal Mining Inst., 
annual meeti The Greenbrier, White Sul- 
phur Springs, . Va. 


Nov. 3, AIME Chicago Section, ladies’ night, 
Morrison Hotel, Chicago. 


Nov. 5, American Mining ress, Coal Div. 
Conference, Penn-Sheraton Hotel, Pittsburgh. 


Nov. 6 a Pittsburgh Section and NOHC 
Pittsbur: Section, 14th annual Off-the- 
ing, Penn-Sheraton Hotel, Pitts- 

gh. 


Nov. 9-12, Society of Exploration Geophysicists, 
annual meeting, Biltmore Hotel, Los Angeles. 


Nov. 19, AIME Utah Section, Genlogy of Ano- 
conda’s Chuquicamata ‘Mine”’ 
Waterman, Newhouse Hotel, Salt Lake City. 


Nov. 19-20, Missouri School of Mines, 5th 
Symposium on a. Research: ammonium 
nitrate explosives, field performance, safety, 
Missouri School of Mines, Rolla, Mo. 


Nov. 30, American | Congress, annual 
ee meeting, laza Hotel, New 
ork. 


Dec. ‘. AIME Lehigh Valley Section, ladies’ 
night. 


Dec. 5, AIME Knoxville Area Subsection, South- 
east Section, annual Christmas Party, C'est 
Bon Restaurant, Knoxville, Tenn. 


Dec. 6, 7, AIME ire Section, annual meet- 
ing, LS er: J. L. Gillson; Tucson, Ariz. 


Dec. 10, AIME Chicago Section, students’ night. 


Dec. 10, AIME Or Section, J. L. Gillson, 
speaker; Portia Ore. 


Dec. ap AIME Montene Section, annual meet- 
ing, J. L. Gillson, speaker; Butte, Mont. 


Jan. 11, 1960, AIME Minnesota Section, annual 
meeting, J. L. Gillson, speaker; Duluth. 


14-18, AIME Annual | Hotels Stat- 
and ‘Sheraton- Atlantic, New York. 


Feb. 16-17, 10th annual California Statewide 
meeting, Governor's Industrial Safety Con- 
ference, Fairmont Hotel, San Francisco. 


Metallurgy, Symposium on Hydromet 
“Wet Processing of Minerals and Industrial 
Products,” Adelaide, Australia. 


Apr. 6-9, International Mineral Sroseesing Con- 
gress, sponsored by The Institution Min- 
ing and Metallurgy, Church House, West- 
minster, London, England. 


Apr. 21-22, AIME Pacific Southwest Regional 
Metals and Minerals Conference, Ambassa- 
dor Hotel, Los Angeles. 


Apr. 28-30, AIME Pacific Northwest Regional 
Conference, Sheraton Hotel, Portiand, \ 


9-11, American sining Congress, Coal 
vention, Pittsburgh. 


July 11-18, 2nd World Conference on Earth- 

Engineering, organized by Science 

a of Japan in cooperation with Japan 

Soc. of Civil Engineers, Architectural Inst. of 

Japan, Seismological . of Japan; Tokyo 
and Kyoto, Japan. 


Oct. 5-7, AIME Rocky Mountain Minerals Con- 


ference, Utah Section host, Newhouse Hotel, 
Salt Lake City. 


Feb. 16-19, Australasian Inst. of Manne ond 
urgy, 
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COVER In any enterprise, whether it be in the minerals industry or any other, 
the costs of replacing, or not replacing capital equipment are major economic 
factors—and problems. Artist Herb McClure has thed this month’s cover to the 
article on page 1003, in which are discussed methods of systematic equipment 
replacement used by an open pit mining company. 


PALEY REPORT 
1006 Copper, Lead, and Zinc—Predictions and Experience 
Evan Just 


TECHNICAL ARTICLES 


1003 Replacement of Capital Equipment ¢ H. J. Schwellenbach 

1008 Stockpiling: Purposes—Methods—Tools ¢ L. O. Millard 

1015 Self-Fluxing Sinter ¢ T. E. Ban, C. D. Thompson, and C. A. Czako 
1022 The Shear Strength of Rocks ¢ R. G. Wuerker 

1027 Deflection of Mine Roof Supports © Lawrence Adler 

1030 Relation of Land Subsidence to Ground-Water Withdrawals in 


the Upper Gulf Coast Region, Texas 
e A. G. Winslow and L. A. Wood 
1035 Electronic Computer and Statistics for Predicting Ore Recovery 
© R. F. Shurtz 
1045 Fishing Tools for Retrieving Gamma-Ray Logging Components 
© C. M. Bunker and J. M. Ohm 


DEPARTMENTS 

966 Personnel 1049 SME Bulletin Board 
967 Letters 1055 Around the Sections 
973 Mineral Information Section 1056 Personals 

979 Manufacturers News 1064 Obituaries 

981 Free Literature 1068 Professional Services 
987 Reporter 1072 Advertisers Index 


997 Drift: Education and Public Responsibility ¢ A Quotation 
FEATURED ITEMS 


973 Mineral Information ¢ Books, Abstracts, Manufacturers News, 
Free Literature, Films 


1003 Continuing Presentation of the Paley Report—No. 3 
1047 Coming! New United Engineering Center 
1049 SME Bulletin Board: Your Guide for Society, @ 


Professional News 


Mininc Enctneertne staff, Society of Mining Engineers, and AIME Officers are listed on 
the Drift page. 
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T HESE items are ——— of the Engineer- 
ing Societies Personnel Service inc. This 
Service, which cooperates with the national 
societies of Civil; Electrical; Mechanical; Min- 
ing, Metallurgical, and Petroleum Engineers, 
is available to all engineers, members and non- 
members, and is operated on a nonprofit basis. 
If you are interested in any of these listings, 
and are not registered, you may apply by letter 
or resume and mail to the office nearest your 
place of residence, with the understanding that 
should you secure a sition as a result of 
these listings you will pay the regular em- 
ployment fee of 5 pct of the first year’s salary 
if a nonmember, or 4 pct if a member. Also, 
that you will agree to sign our placement fee 
agreement which will be mailed to you im- 
mediately, by our office, after receiving your 
application. In sending applications be sure 
to list the key and job number. When making 
application for a position, include 8¢ in stamps 
for forwarding application to the employer and 
for returning when possible. A weekly bulletin 
of engineering positions g nm is available at 
a subscription rate of $3.50 per quarter or $12 

annum for members, $4.50 per quarter or 
14 per annum for nonmembers, payable in 
advance. Local offices of the Personnel Ser- 
vice are at 8 W. 40th St., New York 18; 57 Post 
St., San Franciseo; 29 E. Madison St., Chicago v 


MEN AVAILABLE 


Geologist, age 22, B.S. in geology, married. 
Desires position in mining, oil, gas, or 
ground water industry. M-510. 


Mine Manager or Superintendent, M.E. de- 
gree, age 51, registered engineer. Thirty 
years in metal mining including nine as 
mine superintendent, flotation, and cyanide 
milling knowledge. Prefer Latin America. 
M-505. 


Production Manager, with 12 years ex- 
perience, 6 as division production manager 
of mining and process operation; complete 
responsibility for $2 million per year oper- 
ation. M.S. and B.S. in chemical engineer- 
ing at M.1L.T. Experience also includes re- 
search, development of major new process, 
pilot plant design and operation, and design 
and construction supervision of new process 
plant. M-506. 


Geologist, B.S., age 25; two years ex- 
perience, one in Brazil as assistant party 
chief. Iron and base metal experience; 
knowledge of ore reserves, surface and un- 
derground mapping, sampling, etc. Location, 
anywhere. M-507. 


Geological Engineer, M.S., 25, single. 
Three years experience as instrument opera- 
tor and computor with seismic crew, now 
desires to be established in mineral ex- 
ploration field. Thesis experience in photo- 
geology. Foreign positions acceptable. M-508. 


Mine Superintendent-Plant Superintend- 
ent, graduate E.M., age 33, married. Nine 
years experience ‘underground hard rock 
mine and plant supervision and engineering. 
Background includes production planning, 
forecasting and scheduling; project engineer- 
ing; operations and engineering surveys; 
mine safety and legal compliance; equipment 
installation and maintenance; supervision; 
training. Will relocate in U. S., preferably 
northeast. M-509. 


Position Desired as Sales-Service-Consult- 
ing, B.S. in civil engineering, age 49. Ex- 
perience in general highway engineering, 
all operations. Eight years experience in 
maintenance and construction of concrete 
structures. Twenty-two years experience in 


Ore dressing metallurgist to 
work on process development 
and mill control at a progres- 
sive mining operation. Liberal 
housing and employe benefits. 
Apply for application form to: 
Box 9ME, AIME, 29 W. 39th 
St., New York 18, N. Y. 
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all types of structures. Prefer Midwest. 


M-985-Chicago. 


Geologist-Mining, Petroleum, age 33. Four 
years in charge of exploration and develop- 
ment, underground and surface, mapp 


Mining Engineer, with experience covering 
operations on in Latin 
—— Spanish essential. | Salary, open. 


diamond drilling, milling for mining com- 
panies. $500. Prefer Mexico, will consider 
anywhere. S(M)-1438. 


Superintendent-Mining, Allied, E.M., age 
55. hirty years experience in planning, 
supervising production, mine examination, 
exploration and development programs on 
mining, petroleum, and metallurgy. $700. 
Prefer U. S. S(M)-221. 


Junior Engineer, Sales-Mining, Heavy 
Equipment, E.M., age 24. Nine months spent 
as sampler, surveyor, working on plane table, 
stake claims, t for mining and ex- 
ploration company. Salary, open. Any lo- 
cation. S(M)-197. 


uperintendent, 


Research-Milling, Mining, 
oaten lurgical engineer, age 47. Four years 
experience supervising contract mining, 
milling, exploration, on manganese mine and 
mill. Ten years as mill superintendent in 
lead, zinc, asbestos. Six years in research 
on Pb-Zn-Cu-Ag ores, mining chemistry. 
$700; prefer West, U.S. S(M)-1826. 


Geologist—Petroleum, Gas, Mining: Geol- 
gist, mining engineer, age 44. Spent 6% 
years in exploration and development, geo- 
logical and geophysical investigations for 
oil and gas companies. Exploration and drill- 
ing for uranium deposits, analysis and cor- 
relation, maps, reports for oil company. $800. 
Prefer California, West. S(M)-1788. 


Construction Manager Estimator-Construc- 
tion, Mining, Mechanical, mining engineer, 
age 46. Six years spent as chief estimator, 
manager, doing estimating mechanical work 
in process, metal, chemical, petroleum, 
missile, cement steel industries, for mechani- 
cal contractors. Construction superintendent 
for 3% years, responsible for checking es- 
timates, coordinating office and field, for con- 
struction companies. Four years project en- 
gineer and mine superintendent responsible 
for sinking shaft, building plant utilities, 
mining program for heavy chemical com- 
pany. $850. Prefer San Francisco Bay Area. 
S‘(M) -1760. 


Superintendent, Foreman—Mining engineer, 
age 35. Two years grade, tonnage control, 
some design for new installation on open 
pit copper mine. Four years mine super- 
intendent on gold mining. Six years student 
and trainee in Pb-Zn and manganese mining. 
$725. Prefer U. S. or anywhere with schools 
for children. S(M)-1257. 


Geologist—Minerals, Petroleum, Ceramics: 
M.S. in mining, geology, ceramics, age 29. 
Five years as geologist doing water resources, 
exploration, underground, open pit mine 
mapping on tungsten ores. Graduate research 
engineer for 2% months studying leaching 
methods for deep sea manganese nodules, 
uses of manganese, cobalt, and nickel for 
university. Six months as topographic field 
assistant on geological survey. $500. Prefer 
West U. S. S(M)-1631. 


Junior Mining Engineer, mining engineer, 
age 24. Teaching assistant for 2% years, 
research assistant in mining engineering for 
a university. Three years in the Navy work- 
ing on damage control (completed). $500 
Prefer West U. S. S(M)-1614. 


General Superintendent—Mine, mining, 
metallurgy, in Mexico, age 37. Eleven years 
assistant mining superintendent, general man- 
ager, assistant general superintendent on 
lead, copper, zinc mines and cyaniding 
flotation, heavy-media mills. Six months 
training in Mexico. $6000 (U. S. currency in 
Mexico.) S(M)-1556. 


Superintendent, Manager-Mining, Ore Proc- 
ess, chemical engineer, age 46. Leased and 
operated Pb-Zn mine for 3% years. For 6% 
years was manager of operations, mine super- 
intendent, plant, research metallurgist in va- 
nadium ores, Pb-Zn, in charge of operations, 
mine development, facilities, and extraction 
for mining companies. $12,000. Prefer South 
America, U. S. S(M)-1349. 


POSITIONS OPEN 


Consulting Engineer, metallurgical, under 
45, with wide experience in copper smelting 
and refining and familiar with operations 
and engineering in various copper producing 
areas of the world. Will provide technical 
direction for metallurgical plant design and 
construction, provide technical assistance to 
operating smelters and refineries and handle 
development work for new methods. Must 
be top-notch man with broad experience. 
ee. travel. Salary, open. Location, West. 


Assistant Mine Superintendent, 30 to 45, 
with underground hard rock experience, to 
assist in supervision of all underground 
operations under direction of mine superin- 
tendent. Permanent. Salary, year 
to start. Location, South. 


Research Engineer, mineral beneficiation, 
research and process development on wide 
variety of industrial minerals. Several years 
preferred. Location Southeast. 

7856. 


Junior Engineers, or recent graduates, min- 
ing, for engineer trainees at open pit copper 
operations. Salary, open. Location, South- 
west. W7840S. 


Manager of Operations-General Superin- 
tendent, graduate mining engineer with open 
pit and mine experience. Also cost conscious, 
for quarry operators and producers of lime- 
stone. Salary, open. Location, South. W7832. 


Engineers: a) Foundry Superintendent 
with experience in cast iron foundries. b) 
Engineer with cast iron foundry experience 
in production, design, etc. Location, northern 
New Jersey. W7774. 


Quality Control Supervisor, for a non- 
metallic mineral mine and at a white pig- 
ment plant. Job involves half time on 
quality control and half on any of plant en- 
gineering or geology or mine engineering 
or special assistance, depending on applicant. 
Salary $6000 to $7000 annually. Company 
will pay placement fee. Location, north- 
eastern New York State. W7649. 


Mining and Metallurgical Engineer, for 
open pit phosphate mining operations. Oper- 
ation consists of hydraulic mining, washing, 
flotation, drying, grinding, etc. Salary, with- 
out previous experience, $5400 year to start; 
for experienced man, to $7800 year to start. 
Location, South. W7569. 


Metallurgist or Mining Engineer, graduate, 
with one or two years experience in concen- 
tration plants or ore testing laboratories. 
Prefer single status. Salary, $4200 to $4500 
year, plus board allowance for single man, 
plus $75 a month board allowance, plus hous- 
ing with utilities for married man. Location, 
Central America. F7433. 


Design-Heavy Industrial Plants: Prefer ME 
or MinE, to 50. Minimum of ten years ex- 
perience in design of large industrial plants. 
Prefer detailed knowledge of metals plants, 
such as mills, concentrators, smelters and re- 
fineries. This includes crushing, screening, 
and materials handling experience. Salary 
range to be sufficiently high to make an at- 
tractive offer commensurate with ability. 
Western U.S. S(P)-4622-R 


Survey, Mapper—Mine Properties: chemical 
engineer or mining engineer, young. Good 
field survey experience in rough and rugged 
countries; able to translate field data into 
topographic and mapping of lode claims and 
property layouts and conduct other office 
work relating to lode and claim. Salary, $500 
to $600. Nevada. S(P)-4603. 


Mine Shift Bosses (2): Technical education 
preferred, but not essential. Minimum five 
years experience as mine shift ss, with 
knowledge of Spanish. Latin American expe- 
rience preferable. Employed on single status, 
for three-year contract. Salary, $400 month, 
plus 2% months salary per year. South Amer- 
ica. S(P)-4570. 


Project Planning—Building Materials Proc- 
ess: Ch.E, ME, MinE, EE. 30 to 38. Three to 
ten years experience in work related to cen- 
tral engineering department planning for 
multi-plant operations for manufacturer of 
building materials, roofing, paper board or 
paper products. Should be capable of han- 
dling planning, layouts, specifications for 
plant construction, expansion, modifications 
for increased production, improvement at 
pilot or operational stages. Must have poten- 
tial to develop into project man, superintend- 
ent or plant engineer. Salary, $600 to $700. 
San Francisco East Bay. S(P)-4557-R. 


Design, Application—Recording Instru- 
ments: Experienced in design, selection, and 
application of recording instruments and 
automation systems with nonferrous metal 
concern, including mill, mine, and smelter. 
Salary, $640 to $864. New Mexico. S(P) -4535. 


Mine Pit Foreman, with several years ex- 
perience in copper or iron deposits; capable 
of supervising all phases of pit development 
and mining, trucking and maintenance of 


(Continued on facing page) 
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Hands Across the Sea 
Dear Mr. Fox: 


On Jan. 20, 1959, I returned safely 
to Tokyo from my South American 
trip, after the disbandment on Nov. 
25, 1958, of the Applied Industrial 
Management Specialist Study Team 
of 11 Japanese professors that had 
been sent by Japan Productivity 
Center, sponsored by the U. S. 
Operations Mission to Japan of the 
International Administration, Wash- 
ington, D. C. 

It is a deep pleasure to me to ex- 
press to you my heartfelt thanks for 
the warm reception you so cordially 
and generously extended me whilst 
I was in your city. Your unforget- 
table gracious courtesies constantly 
remind me of the joys of my trip, 
and the beauties of your country, 
and are for me a delight I shall ever 
hold in fond and grateful memory. 

We left Tokyo on Oct. 14, 1958, 
and arrived in Seattle, Wash., on the 
same day, Oct. 14, by crossing the 
International Date Line. From Seat- 
tle we went to San Francisco and 
Los Angeles, Calif. Thence we went 
to Stillwater, Okla. where we 
stayed for two weeks. From there 
we went to Chicago, Ill., Detroit, 
Mich., New York, and then to Wash- 
ington, D. C. 

From Washington I went to Bos- 
ton, Mass., accompanied by a few 
professors of the Team, to see the 
Massachusetts Institute of Tech- 
nology at Cambridge, my alma 
mater, and the Harvard Business 
School there, and then returned 
alone to New York to prepare for 
the South American Trip. 

Thanks to your help, I was able to 
spend 55 days (of the 99 days of my 
North and South American trip) in- 
specting the U. S. education and 
practice of industrial engineering 
and management, visiting various 
schools, factories, scenic places, old 
and new friends, relatives, etc. Such 
a pleasant trip could not have been 
possible without the kindness I re- 
ceived from dear friends like you 
from the time my trip was planned 
until its happy conclusion. 

Repeating my deep thanks to you, 
and with happiest recollections and 
every good wish, I am 

Yours faithfully, 
Kiichi Murakami D. Eng. 
Nihon University 


Personnel 
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haulage roads. Starting about 1500 tpd on 
single shift basis for 500-tpd mill. Nevada. 
Employer pays one half placement fee. Sal- 
ary, about $550. S(P)-4478. 


Design—Mining, Milling: graduate from ac- 
credited school, with three to five years in- 
dustrial design experience. Perform duties as 
assigned by chief construction engineer re- 
lated to design of foundations for equipment, 
drawing of equipment modifications and su- 
pervision of field installations, as indicated. 

lary, open, to $700, depending on qualifi- 
cations. For uranium mining and milling 
company. New Mexico. S(P) -4458. 


Field Engineer—Mining Tools: mining en- 
gineer or other engineering field and two to 
three years experience in mining or quarry- 
ing. Visit mines and quarries and observe 
tests of company products (rock bits for 
blast hole drilling, rock cutters for drilling 
shafts and tunnels), discuss with mine and 
quarry management problems of drilling, 
study mechanical and metallurgical aspects 
of products for drilling, ggest new d 
evaluate practical and economical aspects of 
new projects. Short training program pro- 
vided. For tool manufacturer. Travel exten- 
sively; headquarters Southwest. S(P) -4540. 


Senior MS. or 
equivalent, with at least eight years work 
with mining company to cooperate with geol- 
ogists in coordinating geophysical program 


for up com- 
pany estern - open. S(P) -4453. 


Designers—Underground, Open Pit Mine, 
mining engineer or metallurgical engineer. 
One for surface plant design for underground 
operations and also underground mine design, 
development and production. One for open 
pit design and production. Under chief engi- 
neer. Salary, commensurate with training 
and experience. wt Wyoming. 
Apply by letter. S(P)-443 


Sales Engineer—Iron Ore: graduate mining 
engineer or metallurgical engineer, 30 to 40, 
with several years practical experience plus 
commercial experience selling or purchasing 
ores and minerals. Will represent producing 
mines supplying iron ore to Japan steel com- 
panies. Must be married and preferably with 
family. Salary, open, plus free housing and 
business expenses. Japan. S(P) -4400. 


General Pit Fereman, mining degree, 27 
to 40, married or single; with five years open 
pit development and layout experience. Large 
North American mining company. Wide range 
of benefits. Reply in complete confidence 
with full particulars. Location, Peru. F7926. 


TY-ROCK 


SCREENS 


6’ x 14’, Type F-900 
Ty-Rock Screen 
with base. 


For TOP Performance 


The balanced circle-throw action of the Ty-Rock 
plus the full-floating action on large shear type 
resilient rubbers enables this screen to separate 
material with unequalled speed and effectiveness. 


The Ty-Rock wastes no power in useless, harmful 
racking of buildings or supporting members. It 
delivers all of the intense power to the job of 
stratifying and separating the sizes. 


Telephone HE 1-8400 


Teletype cv 586 


THE W. S. TYLER COMPANY 
CLEVELAND 14, OHIO 


Manufacturers of Woven Wire Screens and Screening ‘Machinery 
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Assembled in the Nordberg 
© shops recently for operational 
testing, this two compartment 
ball mill is one of the largest 
ever made. The Volkswagen 
looks like a toy by comparison. 


SYMONS PRIMARY SYMONS® SYMONS SYMONS ROTARY KILNS 
GYRATORY CRUSHERS CONE CRUSHERS VIBRATING. SCREENS VIBRATING GRIZZLIES and COOLERS ERS Se 


4 : + LES 


Nordberg has recently completed five of the 
largest grinding mills ever built for industrial 
service. These two compartment Nordberg ball 
mills (see opposite page) are 12 feet in diameter 
by 36 feet long, each powered by a 2500 hp 
synchronous motor, operating at 10% beyond 
rating. These mills are being installed in a new 
5 million barrel per year wet process cement 
plant. The economies of using very large grind- 
ing mills to turn out greater tonnages at lower 
cost are important, however, to many other 
large ore and mineral reduction processes, as well. 


Consider some of these basic advantages: 


1. Lower construction and installation costs ... A 
single, large mil! requires less floor space than 
several smaller ones, and only one foundation is 
required. Thus, construction costs are lowered 


Shown here are two of five 11’ x 17’ Nordberg Ball Milis— 
three raw and two finish—instalied in a midwest cement 
plant that has a capacity of 3,000,000 bbi. annually. 


©1959, N. M. CO. 


ATLANTA CLEVELAND DALLAS DULUTH HOUSTON KANSAS CITY MINNEAPOLIS NEW ORLEANS NEW YORK ST. LOUIS 
SAN FRANCISCO TAMPA WASHINGTON TORONTO VANCOUVER JOHANNESBURG LONDON MEXICO, D. F. 


The largest iron ore mill installation in the world with 58 
Nordberg Grinding Mills. This concentrator building houses 
27, 10’ x 14’ rod mills and 27, 10’ x 14’ ball milis. Four Nordberg 
mills serve as standby units. 


NORDBERG MANUFACTURING COMPANY, Milwaukee 1, Wis. 


SYMONS ... a registered Nordberg trademark 
Known throughout the world. 


NORDBERG sets the pace in 
LARGE GRINDING MILLS 


to turn out greater tonnages at lower cost per ton 


2. Simpler automatic operation . . . Where auto- 
matic operation is required, larger mills permit 
simpler handling with fewer controls. This lowers 
initial investment and minimizes installation and 
operational problems of automatic controls. 

3. Less maintenance . . . Here, costs are again 
related directly to the number of mills installed. 
Fewer units mean less wearing parts and more 
dependable production. Exceptional savings may 
also be realized in replacement liners alone. 


These are significant reasons behind the cur- 
rent trend toward larger grinding mills. But 
whether you require large or small grinding 
mills, you can count on the proven experience 
of Nordberg in furnishing the right grinding 
mill to meet your specific needs . . . including 
Rod, Ball, Pebble, Tube and Compartment types, 
in sizes from 6 to 13 feet in diameter and up to 
50 feet in length. Write for further information. 
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vo « 
| 
NORDBERG 


The BIG SUCCESS 


1959 FORD SUPER DUTY 


TRUCK SALES MORE THAN 
DOUBLE THOSE OF LAST YEAR 


MODELS 


i960 FORD SUPER DUTIES 


SKYROCKETING SALES OFFER ADDED TESTIMONY TO THE 
TOUGHNESS AND RELIABILITY OF FORD “BIG V’S"— 
NOW THEY’RE MORE DURABLE, MORE FLEXIBLE THAN EVER! 


Ford’s increase in sales of Super 
Duty Trucks, while impressive in 
itself, by no means tells the whole 
story. Over half of the 1959 unit 
sales were the result of repeat orders 
from operators like Trucking Con- 
tractors, Inc., who bought because 
the Ford “Big V” provided the kind 
of performance and durability 
needed for their work. 

And for 1960, the Ford Super 
Duties offer additional refinements 
designed to provide an even greater 
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degree of dependability. Bigger op- 
tional axles and increased GVW’s 
permit greater payloads and more 
profitable operation. Automatic 
radiator shutters to keep the engine 
temperatures within the most effi- 
cient operating range, submerged- 
type electric fuel pump to prevent 
vapor lock, and redesigned wiring 
for longer, more dependable opera- 
tion are but a few of the improve- 
ments which add to the performance 
and durability of these units. 


The changes offered for 1960 were 
tested and evaluated by America’s 
foremost independent automotive 
research organization. The certifiec 
results of the studies by this im; 
partial firm (name available or 
request) provide proof that Ford’§ 
Super Duty Trucks are even moré 
dependable. 


@ Certified Durability through close 
temperature control! Independenf 
research engineers certify that Ford’s 
thermostatically controlled radiatot 
shutters kept water temperature 
between 168° and 188° in severe 
mountain grade operation. The test 
truck with shutters blocked open 
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the Big Truck Field 


7 


“Tried 8 in '58—bought 20 more in 1959,” says Curtis E. 
Brost, President, Trucking Contractors, Inc. “In 1958 we 
bought 8 Ford T-850’s with lightweight chassis options and 
specially built 5-batch bodies which gave us a full extra 
batch per truck. A 5-batch load is a real strain on the truck 
when you consider we’re ‘running the ditches’ on this 
highway paving job in North Dakota. These T-850’s worked 


out so well that we ordered 20 more in '59. Our Ford Tandems 
with the 477 engine give us good mileage and the drivers 
are real happy with them. It’s a rough go on trucks with 
soft footing and dust so bad we have to drive with head- 
lights on. Despite such operating conditions, downtime has 
been negligible and these ‘477’ Fords have given us less 
trouble than other trucks we have operated.” 


under same operating conditions had 
a temperature range from 102° to 
181°. The temperature variation of 
only 20° with shutters means less ex- 
pansion and contraction in engine 
block and cylinder heads. Higher 
temperatures with radiator shutters 
permit leaner fuel-air mixtures with 
less possibility of raw gas washing 
down cylinder walls. Warm oil circu- 
lates more freely, reducing internal 
friction. All these factors contribute 
to longer engine life. 


Certified Dependability withlonger- 
lived electrical system! Ford’s ’60 
improved wiring harness and the 
1959 wiring harness were subjected 
to shaker table tests plus constant 


with Certified Durability 


exposure to oil and water vapors 
and temperatures of 200°. Certified 
results prove that the greater resist- 
ance to deterioration by heat, oil, 
water and abrasion obtained with 
the 1960 wiring harness more than 
doubles wiring harness life. 


Certified Reliability with Ford's 
submerged-type electric fuel pump! 
Dynamometer tests of engines with 
submerged-type electric fuel pump 
and conventional mechanical type 
showed that vapor lock was non- 


FORD TRUCKS COST LESS 


LESS TO OWN ... LESS TO RUN ... BUILT TO LAST LONGER, TOO! 
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existent with Ford’s electric pumps 
at temperatures up to 200°, whereas 
incipient vapor lock with mechanical 
pump resulted in a power loss of 9% 
at an underhood temperature of 200°. 


Test results like these plus the 
experience of satisfied users are im- 
portant but that is not all. For 1960, 
the Super Duty line has been broad- 
ened to provide even more flexi- 
bility in power train options. Get 
the facts from your Ford Dealer! 


q 


CRAMPED FOR SPACE? 


PHE compressors need less headroom, 
can be skidded in fully assembled 


Squeezing a heavy-duty compressor through nar- 
row drifts and installing it in a tight place is an 
old mining problem. The solution may be an 
Ingersoll-Rand PHE compressor...as was the 
case in the mine picture above. 

These packaged units are ideal for mine serv- 
ice —they can be skidded through tight places 
completely assembled and installed on a simple 
block foundation. 

The PHE is a two-stage intercooled compres- 
sor with balanced-opposed cylinder construction 
in 75 and 100-hp sizes, built for continuous full- 
load operation. Bearing wear and overall main- 
tenance costs are minimized, due to (1) long-life 
aluminum full-floating bearings, (2) filtered 
force-feed lubrication, and (3) a completely 
sealed crankcase that never needs to be opened 
for any adjustments. 

PHE compressors feature the Channel Valve, 
renowned for its remarkable durability, long life, 
and freedom from maintenance. Each valve is a 
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CUSHION SPACE 
VALVE CHANNEL 


combination of straight-lifting, stainless-steel 
valve channels and leaf springs, which form 
trapped air spaces to cushion the opening action. 
This exclusive air-cushioned design prevents im- 
pact, reduces wear, and assures quiet, efficient 
operation. And remember, only I-R compressors 
have Channel Valves! 

For further information on compressors, rock 
drills, and other equipment for mining services. 
contact your Ingersoll-Rand representative. 


PUMPS + COMPRESSORS +» CONDENSERS - VACUUM EQUIPMENT - GAS & DIESEL ENGINES - ROCK DRILLS « AIR & ELECTRIC TOOLS 


“2 
Ingersoll-Ran 
1.746 
11 Broadway, New York 4, N.Y. Hoe 


Order directly from the publisher 
all books listed below except 
those marked @ @ @ The books 
so marked (@ @ @) can be pur- 
chased through AIME, usually 
at a discount. Address Irene 
K. Sharp, AIME Book Dept., 
29 W. 39 St., New York 18, N. Y. 


Ground Water Hydrology, by David 
Keith Todd, John Wiley & Sons. 
Inc., 348 pp., $10.75, 1959—This book 
meets the present demand for a 
unified, comprehensive account of 
the fundamentals and recent meth- 
ods in the ground water hydrology 
field. Problems such as locating a 
ground water supply, constructing 
a well, determining how much 
water it will yield, control of sea 
water, and dangers of pollution are 
covered. @ 


Analysis of Industrial Operations, 
edited by Edward H. Bowman and 
Robert B. Fetter, Richard D. Irwin 
Inc., Homewood, IIl., 494 pp., $9.55, 
1959—A unique collection of case 
studies showing actual application 
of quantitative methods for the 
analysis of industrial operating 
problems. The articles included pro- 
vide insight into the simplifications, 
assumptions, methods modifications, 
etc. 

Careers and Opportunities in En- 
gineering, by Philip Pollack, E. P. 
Dutton & Co., Inc., 300 Fourth Ave., 
New York 10, N. Y., 158 pp., $3.50, 
1959—A comprehensive account of 
the engineering profession including 
career opportunities in civil, me- 
chanical, electrical, chemical, min- 
ing, metallurgical, and petroleum 
fields. Qualifications, personal traits 
and abilities needed for success in 
various aspects are discussed. e @ e 
Air Pollution Control, by W. L. 
Faith, John Wiley & Sons Inc., 259 
pp., $8.50, 1959—Basic factors in any 
air pollution control program begin 
with an explanation of the effects 
of air pollution and the importance 


of variables. Details 
of methods that determine amounts 
of contaminants in the air and their 
elimination at the source are con- 
sidered. @ @ 


Methods and Case Histories in 
Mining Geophysics, arranged by a 
committee of geophysicists of the 
Canadian Inst, of Mining and Metal- 
lurgy, published by 6th Common- 
wealth Mining and Metallurgical 
Congress, 911 Drummond Bldg., 
Montreal, P. Q., Canada, 368 pp., $10, 
1959—This comprehensive volume is 
devoted to recording a series of case 
histories dealing with geophysical 
methods in mining exploration and 
other subsurface investigations. 
Magnetic, gravitational, geochemical, 
radioactive, electrical, and seismic 
methods are covered in papers by 
experts in each field. Specific case 
histories in Australia, Canada, Great 
Britain, India, Jamaica, South 
Africa, Tanganyika, and Uganda are 
described. Numerous detailed draw- 
ings, charts, and diagrams carefully 
delineate the case histories, and a 
special pocket includes several use- 
ful maps. @ @ e 

Engineering and Organization, by 
Everett Laitala, Richard D. Irwin 
Inc., Homewood, II1., 391 pp., $7.20— 
The goals of engineering are defined 
and the standards by which its per- 
formance can be evaluated are es- 
tablished. The greatest portion of 
the book is concerned with the 
place of the engineering process 
within the over-all structure of an 
industrial enterprise. Management, 
product specification, budget, design, 
production, selling, buying, main- 
tenance, personnel are covered. @ @ @ 
The Structure of Electrolytic Solu- 
tions, edited by Walter J. Hamer, 
John Wiley and Sons Inc., 441 pp., 
$18.50, 1959—A wide range of topics 
relating to the properties of electro- 
lytic solutions are covered, extend- 
ing from dilute solutions through 
concentrated solutions and fused 
electrolytes as well as the pure ionic 
solid state. e @ @ 

Year Book of the American Bureau 
of Metal Statistics, 1958, Thirty- 
eighth annual issue, compiled and 
published by the American Bureau 
of Metal Statistics, 50 Broadway, 
N. Y., paper $4, hard cloth, $4.50, 
1959—This enlarged edition records 
for 1958 and prior years the mine 
production, smelter production, con- 


sumption, imports and exports, and 
other economic statistics on a 

Engineers Societies Directory, 1959, 
Engineers Joint Council, 29 West 
39th Street, N. Y. 18, N.Y., $3.50, 
1959—This directory is the only 
comprehensive U. S. listing of en- 
gineering and scientific societies, 
their functional staff personnel, and 
publications. e e e 

Rare Earth Handbook, Battelle Me- 
morial Inst., 505 King Ave., Colum- 
bus 1. Ohio, 214 pp., $10, 1959—The 
Rare Earth Research Group has re- 
leased this handbook of information 
contained in recent technical papers. 
It brings together for the first time 
the most recently available data on 
the physical, crystal, chemical, elec- 
trical, magnetic, nuclear, and ther- 
modynamic properties of each of the 
15 metals. @ 


Compendium of Water Pollution 


Laws, Manufacturing Chemists’ 


Assn. Inc., 1825 Connecticut Ave., 
N. W., Washington 9, D.C., Manual 
W-5, $5, 1959—Federal and state 
laws are covered chapter by chapter 
by Carl E. Geuther of the Legal 
Dept., E. I. du Pont de Nemours & 
Co. Inc. 
American Standard Illustrations for 
Publications and Projection, Y15.1- 
1959, The American Society of Me- 
chanical Engineers, 29 W. 39th St., 
New York 18, N. Y., 16 pp., $2, 1959 
—A new guide to help authors pre- 
pare clear and legible illustrations 
for technical papers has been ap- 
proved by the American Standards 
Assn. and published by the ASME. 
Standard methods of preparing 
graphs, line drawings, and tabular 
illustrations are described with an 
emphasis on simplicity and unity. 
Correction 

The correct price of the volume 
Axial Flow Compressors by J. H. 
Horlock, Butterworth & Co. Ltd., 
1367 Danforth Ave., Toronto, 6, Ont., 
Canada, is $8.00, instead of $5 as 
listed in the September issue, page 
858. To order the publications The 
Geology of the Odzi Gold Belt, Bul- 
letin 45, approx. $2.15 (12s) and 
Mineral Map of Southern Rhodesia, 
15¢ (1s.) send to P. O. Box 8039, 
Causeway, Salisbury, Southern 
Rhodesia, instead of Swaziland as 
incorrectly listed in the August 
issue, page 764. 

(Continued on page 974) 
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STATE PUBLICATIONS 


Arizona 


Arizona Bureau of Mines 
University of Arizona 
Tucson, Ariz. 


Geologic Map of Pinal County, Ariz., 75¢. 


California 


Gold Rush Country, Lane Publishing Co., 
Menlo Park, Calif., $1.75, 1957. 

Mineral Production in the Territory of Ha- 
wali, Area Report II-20, available from Bu- 
reau of Mines, Div. of Mineral Industries, 
Region II, 420 Custom House, 555 Battery 
St., San Francisco 11, Calif. 


Iinois 


State Geological Survey 
Natural Resources Bidg 
Urbana, 

Crevice Lead-Zine Deposits of Northwestern 
Illinois, Report of Investigations 210, 25¢. 
Barite in the Seuthern Illinois Fluorspar 
District, Circular 265, 3¢ postage. 
Water-Sorption Characteristics of Clay Min- 
erals, Circular 266, postage. 
Spar Mountain Sandstone in Cooks Mills 
Area, Coles and Douglas Counties, Circular 
267, postage. 
Effect of Coal Inventories on Stability of the 
Coal Industry, Circular 268, 3¢ postage. 
Plastic Properties of Coal, Circular 269, grat- 
is except for postage. 
Subsurface Geology and Coal Resources of 
the Pennsylvanian System in Douglas, Coles, 
and Cumberland Counties, Dlinois, Circular 
271, gratis except for postage. 


Indiana 


Publications Section 

Geological Survey 

Indiana 

Bloomington, Ind. 
Natural Brines of Indiana and adjoining 
parts of Illinois and Kentucky, Report of 
Progress No. 13, 85¢. 
Cement a Materials in Indiana, Bulletin 
No. 15, $2.2 


Kansas 


State Geological Survey 
University of Kansas 
Lawrence, Kan. 

Description of a Dakota (Cretaceous) Core 
From Cheyenne County, Kansas, Bulletin 
134, Part 1, 25¢. 
Cement Raw Materials, Bulletin 134, Part 2, 
25¢ 
Sandstones of the Douglas and Pedee Groups 
in Northeastern Kansas, Bulletin 134, Part 
3, 25¢. 
Germanium in Kansas Coals, Bulletin 134, 
Part 4, 25¢. 
Coal Resources of the Cherokee Group in 
Eastern Kansas, Bulletin 134, Part 5, 2be. 
Symposium on Geophysics in Kansas, Bul- 
letin 137, $2, 1959. 


Kentucky 


Kentucky Geological Survey 
Mineral Industries Bidg. 

120 Graham Ave. 

Lexington, Ky. 
Mineral Resources Summary for Kentucky 
1955 and 1956, Report of Investigation 14, $1, 
1958. 
Sources of Shale in Kentucky for Light- 
weight Aggregate Production No. 2, Report 
of Investigation 15, 50¢, 1958. 
High-silica Sandstone and Conglomerate on 
Pine Mountain near Elkhorn City, Kentucky, 
Series X 1, 25¢, 1959. 
Geology and Mineral Resources of the Pres- 
tonburg Quadrangle, Kentucky, Bulletin 22, 
$2, 1958. 
The Mineral Industry of Kentucky (1957), 
Series X 1, 25¢, reprint 1959. 
Coal Geology of the White Oak Quadrangle, 
Magoffin and Morgan Counties, Kentucky, 
$1.25. 
Geology and Coal Resources of the Tiptop 
Quadrangle, Kentucky, $1.25. 


Maine 


Maine Geological Survey 
Dept. of Economic Development 
State Office Bidg. 
Augusta, Maine 
Geology of the Beck Pond Area, Township 
3, Range 5, Somerset County, Maine, Special 
Geologic Studies Series No. 1, 75¢ 
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Glacial Lake and Glacial Marine Clays of 
the Farmington Area, Maine, Special Geolo- 
gic Studies Series No. 3, 75¢. 

Mineral Resources of Maine, Reference Map 
Series, Portland-Bath Sheet, 25¢. 

The Geology of a Six-Mile Section Along 
Spencer Stream Somerset County, Maine, 
Special Geologic Studies Series No. 2, 70¢. 
The Maine Mining Law for State-Owned 


Lands, 35¢ 
Missouri 
Missouri Geological Survey 
P. O. Box 250 
Rolla, Mo. 


Sixth Biennial Report of the Division of 
Geological Survey and Water Resources to 
the Seventieth General Assembly, 10¢. 
Guidebook, Field Trip, 1958 Annual Meeting 
of the Geological Society of America, Report 
of Investigations No. 25, 50¢. 

ccna of the Geology of Missouri, 10¢, 


Montana 


Bureau of Mines & Geology 
Montana School of Mines 
Butte, Mont. 


Summary of Montana Mineral Resources, 
gratis, revised 1959. 

Geologic Map of the Northwest Flank of the 
Flint Creek Range, Granite County, Montana, 
Special Publication 18, 40¢, 1959. 

Geology of the South M tai 
Fergus County, Montana, —- 37, $1. 
Geology of the Cherry Creek Area, Gravelly 
Range, on open file at the Montana School 
of Mines Library. 


Nevada 


Bureau of Mines 
University of Nevada 
Reno, Nev. 


Geology of the Candelaria Mining District, 
Mineral County, Nev., Bulletin 56, $2.15, 
1959. 


New Mexico 


State Bureau of Mines and Mineral Resources 
Campus Station, 
Socorro, N.M. 


Some Ordovician Corals From New Mexico, 
Arizona and Texas, Bulletin 64, 
Metallogenic Provinces of the Southwestern 
and Northern Mexico, Bulletin 
65, 50. 


North Dakota 


State Geologist 
University Station 
Grand Forks, N.D. 


Clays of North Dakota as a Potential Source 
of Alumina. Report of Investigations No. 33, 
50¢, 1 


U. S. BUREAU OF MINES 


Copies sold through: 


Superintendent of Documents 
Government Office 
Washington 25 


RI 5436 Some Thermodynamic Properties of 
Fluorpheogopite Mica, 20¢, 1959. 

IC 7860 A Reconnaissance of Asbestos De- 
posits in the Serpentine Belt of Northern 
California, 60¢, 1959. 

IC 7882 Selected Bibliography on Low-Tem- 
perature Tar, 35¢, 1959. 


Request free publications from: 
Publications Distribution Section 
U. S. Bureau of Mines 

4800 Forbes Ave. 

Pittsburgh 13, Pa. 
RI 5475 Preparation Characteristics of Coal 
From Washington County, Pa. 
IC 7878 Tin-Pacer Sampling Methods and 
Results, Cape Mountain District, Seward 
Peninsula, Alaska. 
IC 7879 Sinking Methods and Costs at the 
Burgin Shaft, Bear Creek Mining Co., East 
Tintic Project, Utah County, Uta 
IC 7885 Respiratory Protective Devices Ap- 
proved by the Bureau of Mines as of Oc- 
tobér 16, 1958. 
IC 7888 Mining Methods and Costs A the 
Anaconda Co. Berkeley Pit, Butte, Mon 
IC 7889 Airflow Changes in Maltipie Fan 
Systems. 
IC 7890 Block-Caving Mining Methods and 
Costs, Bagdad Mine, Bagdad Copper Corp., 
Yavapai County, Ariz. 
IC 7891 Methods and Costs of Mining Lig- 
nite in North Dakota. 
IC 7892 Analysis of 494 Accidents, Open-Pit 
Iron Ore Mines, Beneficiation Plants, and 
Shops, Lake Superior District. 
IC 7893 Review and Status of Low-Tem- 
perature Tar Investigations of the Bureau of 
Mines. 


In This Issue: The following abstracts 
of papers in this issue are reproduced for 
the convenience of members who wish 
to maintain a reference card file and for 
the use of librarians and abstracting ser- 
vices. At the end of each abstract is 


given the proper permanent reference 
to the paper for bibliography purposes. 


pemermens of Capital Equipment, by Henry 
chwellenbach—Lack of a system in sched- 
uling the replacement of capital equipment 
can result in emergency purchases of units 
which may later be found unsuitable. New 
York Trap Rock Corp. conducted an evalu- 
ation of several systems for efficient replace- 
ment. The paper reviews the findings of the 
company that led to their individualized plan 
for cutting costs. Ref. MINING ENGINEER- 
ING, October 1959, p. 1003. 


Copper, Lead, And Zinc—Predictions and Ex- 
perience by Evan Just—Further analysis of 
the forecasts made by the President's Mate- 
rial Policy Commission in 1952 shows where 
the committee overrated U. S. consumption 
and underrated consumption elsewhere in the 
Free World. Nevertheless it is too early to 
tell, since only a third of the projected time 
has elapsed, how accurate the Paley report 
figures were, especially since some of the 
figures themselves were estimates and have 
been corrected. A table of copper, lead, and 
zinc consumption gives some basis for com- 
parison. Ref.: MINING ENGINEERING, Oc- 
tober 1959, p. 1006. 


Stockpiling: Purposes, Methods, Tools, by 
L. O. Millard—Stockpiling is important to 
all segments of our economy, but it is a term 
that means many things to many people. To 
men in industry it means piles for reserve 
supply over winter, or insurance against 
strikes and shipping delays, or use as surge 
at various production stages, or inventory of 
finished products. Important factors affecting 
the methods and tools of stockpiling are cov- 
ered in the paper, including the following: 
the material to be stored; the quantity re- 
quired; length of storage time; rate of turn- 
over; rates at which material is stored and 
reclaimed; and climate and weather influ- 
ences. Ref.; MINING ENGINEERING, Octo- 
ber 1959, p. 1008. 


Self-Fluxing Sinter by T. E. Ban, C. D. 
Thompson, and C. A. Czako—Continuous sin- 
tering has broadened from its origin in 
nonferrous metallurgy to present-day appli- 
cations in the ferrous, chemical, and non- 
metallic fields. The recent accomplishments 
in Europe can be interpreted only with an 
understanding of European raw materials and 
economics. European research work involved 
additions of small percentages of lime to iron 
ore agglomerates, with attendant benefits to 
sinter capacity and sinter strength. Technical 
data on such improvements are included in 
the paper. Ref.: MINING ENGINEERING, 
October 1959, p. 1015. 


The Shear Strength of Rocks by Rudolph G. 
Wuerker—Recently available results of meas- 
urements of the tensile and comprehensive 
strength of rocks permit determination of 
shear strength by a simple graphical method. 
While most previous measurements of shear 
strength have been made by time-consuming 
and expensive triaxial tests, the U. S. Bureau 
of Reclamation has shown that the drawing 
of a straight line tangent from the tension 
circle to the compression circle in a Mohr's 
diagram can be used as a useful approxima- 
tion. Evaluated were 26 rocks and one sam- 
ple of concrete. Shear strength and straight- 
line equation of Mohr’s envelope of these 
rocks are computed and tabulated. While this 
procedure is to be used with some precaution 
when determining properties of a specific 
rock, it is of great importance when discus- 
sing the behavior of rocks in general and 
when trying to find a unified theory for the 
failure of brittle materials. Shear strength is 
not stated as an independent property. Its 
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dependence upon compressive and tensile 
strength is shown graphically, based upon an 
expansion of Mohr’s theory. The influence of 
confinement on the results of common tests 
and on behavior of rock in drilling and blast- 
ing is investigated. Parameters are established 
for shear strength and for the slope of Mohr's 
envelope. Ref.: MINING ENGINEERING, Oc- 
tober 1959, p. 1022. 


Deflection of Mine Roof Supports by Law- 
rence Adler (TP 4816A)—When a mine roof 
is designed for maximum safe span, it is usu- 
ally assumed that the differential deflection 
of the supports is zero. However, should 
an apparently insignificant deflection exist, 
stresses in the roof can quickly exceed the 
allowables. Consequently, where these defiec- 
tions are indeterminate, strong measures 
should be taken to minimize them and if 
possible to make them zero. When a mine 
roof is designed for some convenient lesser 
span, controlled, permissive deflection will 
result in lower loads on the props or bolts. 
A corollary action increases the load on the 
other support. If this is the rib, conditions 
favorable to longwall caving can then be in- 
duced in the working face. Ref.: (MINING 
214, p. 1027. 


ENGINEERING 1959) AIME Trans., 1959, vol. 
Relation of Land Subsidence to Ground-Water 
Withdrawals in the Upper Gulf Coast Region, 
Texas, by A. G. Winslow and L. A. W 
(TP 59H2)—-Subsidence of the land surface 
has occurred in several areas of the upper 
Gulf Coast region of Texas and in most of 
these sectors appears related to removal of 
ground water. In the principal area, the 
vicinity of Houston and Galveston, heavy 
withdrawal of ground water for a series of 
unconsolidated sands interbedded with clays 
has caused regional land-surface subsidence. 
Most of the subsidence is attributed to com- 
paction of clays and other fine-grained mate- 
rials as the artesian pressure head is lowered 
in the water-producing sands. Rate of subsi- 
dence has been about 1 ft for each 100 ft 
of decline of pressure head, and recent re- 
leveling has shown no appreciable change in 
this rate. Subsidence in this region probably 
will continue indefinitely even if ground- 
water withdrawals are not increased, because 
the head in shallow sands will continue to de- 
cline as it adjusts to lower heads in the 
deeper sands. Ref.: (MINING ENGINEER- 
ING, October 1959) AIME Trans., 1959, vol. 
214, p. 1030, 


The Electronic Comput and for 
Predicting Ore Recovery by Robert F. Shurtz 
(TP 48171) —When an ore deposit is evalu- 
ated on the basis of core sampling, questions 
always arise as to how much weight should 
be given the various sample grades and how 
the deposit should be divided into specific 
volumes assign to corresponding grades. 
The author proposes a method used with 
some success on a magnesite deposit at 
Gabbs, Nev. He believes this procedure to be 
more sound than the blind practice of assign- 
ing uniform quality to large, sometimes vast 
blocks of ore on the basis of analyses made 
of a small number of samples. Ref.: MINING 
ENGINEERING, October 1959) AIME Trans., 
1959, vol. 214, p. 1035. 


Fishing Tools for Retrieving Gamma-Ray 
Logging Components by C. M. Bunker and 
J. M. Ohm (TN 591211)—The authors have 


designated and constructed special tools for 
recovering gamma-ray probes and logging 
cable for drillholes. Though intended specific~ 


ally for U. S. Geological Survey equipment, 
they may be used with other equipment of 
the same general type. Ref.: (MINING EN- 
GINEERING, October 1959) AIME Trans., 
1959, vol. 214, p. 1045. 


SME Meeting Papers: The following ab- 
stracts of papers presented at SME meet- 
ings are given for your information. 
Copies of these papers are available 
only if followed by a preprint order 
number. These preprints are obtained on 
a coupon basis. The coupon books may 
be purchased from SME_ headquarters 
for $5.00 a book (10 coupons) for mem- 
bers of AIME or $10.00 a book for non- 
members. Each coupon, properly filled 
out, entitles the purchaser to one pre- 
print. Mail completed coupons to Pre- 
prints, Society of Mining Engineers, 
29 W. 39th St., New York 18, N. Y. 


A Leng Range Appraisal of Mechanized Min- 
ing by A. Lee Barrett—Two general trends 
will be noticed in a comparison of the pres- 
ent with mechanized mining 10-20 years 
hence. a) The inherent advantages of spe- 
cialized coal mining machinery will be inte- 


grated into a mining plan most suited to the 
machinery. This will provide a reduction of 
real cost by reducing the size of the mine, 
thereby reducing such specific costs as 
ventilation, drainage, supervision and mine 
maintenance. Such an integrated mining plan 
will make possible specific improvements in 
other portions of the mining equipment in 
other than face mining equipment. particu- 
larly in such fields as transportation. b) There 
will be further improvement in face mining 
machinery. Machinery will be developed pro- 
viding a higher output per man shift, lower 
maintenance cost and higher overall safety 
values for the operating personnel. Machinery 
will also be available for lower seam op- 
erations. AIME-ASME Joint Solid Fuels Con- 
ference, Cincinnati, October 1959. 


Design of a Modern Coal Mine by George W. 
McCaa—This paper covers the design of the 
Ireland mine of the Hanna Coal Co. Div. of 
Consolidated Coal Co. This is a new mine 
that was built to supply fuel for an electric 
utility plant. Economy and efficiency were 
considered in all phases of the mine design. 
The paper includes the plans and construction 
of the surface and underground facilities; 
seam and roof conditions; utilization of A. C. 
power at the face; continuous mining and 
roof bolting; underground rail haulage with 
large mine cars; and an efficient closed cir- 
cuit cleaning plant to wash plus % in. coal. 
AIME-ASME Joint Solid Fuels Conference, 
Cincinnati, October 1959. 


Special Railroad Rates for the Movement of 
Coal in Volume Quantities by C. P. Blair— 
This paper will deal with the various types 
of special rates for the movement of coal in 
volume quantities. In recent months the rail- 
roads have established various types of rates 
which are frequently referred to as trainload, 
volume, or multiple car (daily, weekly, or 
annual) and conditional or increment rates, 
in an effort to enable coal to compete with 
other fuels. The advantages and disadvan- 
tages of each type as well as the operating 
and traffic problems with which the railroads 
are confronted will be covered. It will be ex- 
plained that the carriers are not committed to 
any type of volume requirements but have 
endeavored to fix the measure of the rates 
and the volume requirements on the com- 
petitive situations existing in connection with 
each individual rituation. AIME-ASME Joint 
Solid Fuels Conference, Cincinnati, October 
1959. 


Preparation of Coal For Electric Utility Use 
by Myron W. Mellor—Paper will deal with 
the methods employed to make coal a su- 
perior fuel for electric power generation. 
Preparation will be viewed from an economic 
standpoint in an effort to determine justifica- 
tion for costs. Also, comparisons will be 
presented between use of coal for power 
generation and other uses to emphasize its 
relative importance and consequent need for 
careful consideration of 7: methods. 
AIME-ASME Joint Solid Fuels Conference, 
Cincinnati, October 1959. 


The Preparation of Coal for Industrial Con- 
sumption by Arthur S. Maynard—The prep- 
aration of coal for the industrial market pre- 
sents several important factors that would 
be of lesser importance in the preparation of 
coal for other markets. Due to the various 
types of equipment and the varying loads on 
equipment in industrial plants, coal supplied 
to these plants must vary in top size, pct 
fines, ash, and moisture. A preparation plant 
supplying the coal would have to meet spec- 
ifications such as crush plus 2 in. coal to 
minus 2 in. coal. The range of ash for in- 
dustrial coal may be greater than for coals 
supplied to other markets. From the stand- 
point of handling, freight costs, and reduction 
of BTU i reduction of moisture is im- 
portant to the industrial user. Some method 
of thermal drying is necessary. AIME-ASME 
Joint Solid Fuels Conference, Cincinnati, Oc- 
tober 1959. 


Control—The Key to Preparation for the Ex- 
port Market by M. P. Corriveau—aAs the pur- 
chaser’s requirement for quality coals be- 
comes more precisely defined, the coal pro- 
ducer must go to more elaborate analytical 
facilities in order to meet the growing com- 
petition in the export market. The e- 
presents what the Clinchfield Coal Co. 

done to satisfy its need for better control of 
the quality of its coal for this, as well as the 
domestic, market. AIME-ASME Joint Solid 
Fuels Conference, Cincinnati, October 1959. 


Operating Controls at the Climax Molybde- 
num Mill, Climax, Colorade by Frank J. Win- 
dolph—-Increased costs of labor and material, 
combined with the downward trend in the 
grade of ores mined, has made increased effi- 
ciency not just desirable but necessary in 
the mineral industry. Climax Molybdenum 
Company, in an aggressive program to apply 
instrumentation and automatic process con- 
trols to its operations. has found that these 


tools make a significant contribution to over- 
all efficiency. Two recent applications of 
controls to unit operations—classified sand 
load and cone crusher load controls—are 
described. AIME Colorado Section MBD 
Meeting, May 1959. 


in Ore Dressing Plants 
by John Barnes—Defining controls as those 
things which the mill operator should know 
about the condition of his mill in order to 
guide him in making the adjustments nec- 
essary for efficient operation, the author 
describes devices and methods observed in 
operation; ore feed, grinding circuit, pump 
surging or pump sump levels. leaching oper- 
ations, thickener operations, and iron-ex- 
change in solvent-extraction processes. In 
addition, general controls in use in uranium 
processing are described. Certain general ob- 
servations and conclusions on the subject of 
controls are made and ideas for improvements 
such as a practical continuous viscosimeter 
are given. AIME Colorado Section MBD 
Meeting, May 1959. 


The Mill With No Operaters by Wayne Hazen 
and §. wer Warren—A discussion on ore 
beneficiation plant design and operation led 
to the question “How could you build an ore 
treatment plant that would run itself—no 
operators?" Considerable description is given 
of such a hypothetical plant in operation in 
the year 1969. Justification is given for many 
of the parts of the operation, since the ideas 
have their inception and basis in the unprece- 
dented advance in scientific instrumentation, 
especially in chemical engineering. New ore 
beneficiation equipment must be designed 
without regard to the old for it should be 
kept in mind that such equipment in the past 
has peen designed to be operated by a hu- 
man being. Instrumentation and ore auto- 
matic controls, installed to replace operators 
in a plant, require additional trained technical 
personnel and do not prove economical. In- 
creasing automation will be reflected in em- 
ployee education. AIME Colorado Section 
MBD Meeting, May 1959. 


Preventative Maint — © trating 
Plants and Chemical Plants by R. W. Unger— 
Preventative maintenance is a program de- 
signed and executed as a major factor in 
economic plant operation. Most wear is vis- 
ible and maintenance can be generated on a 
control basis in concentrating plants employ- 
ing dry crushing where the plants are oper- 
ated in conjunction with a mining operation. 
A judicial cleaning program combined with 
preventive maintenance fatigue, based upon 
experience, does much to eliminate the shock 
of emergency repair. Adjustment and main- 
tenance are even more critical in those ura- 
nium processing units which are not mine 
attached. Usually such plants are more com- 
plex in structure and operation and a planned 
maintenance program is essential. The entire 
field of preventative maintenance, since it is 
an important ecomonic factor in operations, 
must be closely tied to the philosophy of 
management and should be a major item in 
total plant operational planning, both for 
new and already existing plants. AIME Colo- 
rado Section MBD Meeting, May 1959. 


A Guide to the Use of Protective Coatings by 
Robert F. Jones—A general guide is provided 
for the use of protective coatings as one 
tool of several that can be used to decrease 
materially the annual corrosion rate in a 
particular plant or mill. Since this is a prac- 
tical, rather than technical, approach to the 
problem, the following aspects are covered: 
1) capital investment loss through corrosion 
as compared with cost of maintenance, 2) 
selection of coating system, 3) coating failures 
that are minimized by preferred design of the 
structure to be protected, 4) surface prepara- 
tion against rust, mill scale, oil, grease, dirt, 
etc., 5) the necessity for tight specifications, 
6) coating application, and 7) systematic in- 
spection after coating. The economic approach 
to the problem of metallic corrosion offers a 
logical and sound basis of decision for the 
adoption of a coating program. When con- 
sidered in this light, adoption of such pro- 
cedures removes coating programs from the 
status of “necessary evils”. AIME Colorado 
Section MBD Meeting, May 1959. 


Preventative Maintenance Practice at the 
Eagle Mine, Empire Zine Division, The New 
Jersey Zine Company, Gilman, Colerade by 
H. Steinmier and F. J. Witthauer—Preventa- 
tive maintenance as performed at Gilman is 
the result of years of experience and takes 
advantage of the weekend down time avail- 
able when operations are geared to a five day 
week. Details are given of the program su- 
pervision and planning which are the jobs 
of the mine and plant chiefs. Lubrication 
which is a prime factor in the program is 
scheduled by the plant department following 
manufacturer's recommendations, recommen- 
dations of the lubricant supplier, and results 
of Gilman experience. The preventative main- 
tenance program consist of two main classifi- 


(Continued on page 978) 
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CATERPILLAR'S 


PROJECT 


New power! New design! New features! 


Plus a new drive option—Cat power 


shift transmission! The result: higher production on any application! 


Now the “King of the Crawlers” is better than ever with 
new pace-setting capacity for higher, faster, lower-cost pro- 
duction on any big tractor application! 

The biggest “new look” in the giant D9 Series E is the 
undercarriage. It’s more massive . . . more rugged than ever. 
It'll add hours of life to running gear on even the toughest 
jobs. Every track component is new in design, highlighted 
by a big, new link—its pitch is increased 144” to 1044”! 
And a new Caterpillar-developed steel alloy strengthens 
links, shoes, rollers up to 40%! 


That’s not all: the new D9 packs more power—335 HP. 
Its new equalizer bar gives greater stability on any terrain 
for greater operator confidence and production. A wider 
seat with a new spring-loaded adjustment mechanism makes 
the operator more comfortable, more efficient. No detail 
has been overlooked to make the new D9 handle heavier 
loads faster—and at lower operating and maintenance costs 
than ever. 

And that’s not all. Now, along with direct drive and 
torque converter, you have your choice of the new Cat 


Exclusive feature. A planetary gear set 
splits the power from the engine. Part new des 

s directly to the 3-speed transmission, Hunting 
be serviced in 5 minutes. Reduces rest @ torque converter rate. 


jon provides slower wear 


air cleaner. Removes at 
least 8% of all dirt from intake 
air during every service hour. Can 


maintenance time and cost. to transmission. 

shift transmission. Optional on New, bigger, more 
the 09. With this development you can Ma 
shift on- under full load with one 
lever and ne clutching in a split second! 


bar. Greater sta- 

he rocking action of the 

shifts more weight to the 
track. 


New Turbocharger. New, compact 
turbocharger packs more air into the 
Open impeller wheel (shown 

) helps prevent dirt build-up. 


>» 
7 | Te 
7 
New 335 HP. More powerful than aa 
ign ever, the D9’s Turbocharged En- ie 
too ine has the capacity to handie S 
loads faster, with de- 
pendability, economy. 
4 rugged undercarriage. New ne 
in all track components _ bili 
jours of life to running bar 
more time on the job. = up-h’ = 


power shift transmission. This revolutionary transmission, 
tested under the most rugged conditions, combines for the 
first time the positive feel of direct drive with the flexibility 
and anti-stall features of torque converter. With one control 
lever and no clutching, it reverses direction ... changes 
speed ... smoothly ... under full load... in a split second! 

Many of the new features, along with some familiar 
retained features, are shown here. Look them over. They'll 
give you an idea why the new D9 can mean higher produc- 
tion and more profits for you. For complete facts, see your 
Caterpillar Dealer. Ask for a demonstration and watch 
this giant eat up the work! 


Caterpillar Tractor Co., Peoria, Illinois, U.S.A. 


Previous 
track link 


New 
track link 


Light area at top indicates 
depth of hardening 


New deep hardening steel. 
Caterpillar-developed s al 
(plus more stee! in stress areas 


Lifetime lubricated track 

lubrication eliminstes servic Problems. 

ives up to 40% | life to 
er life s. 

flack these, links and rollers. 


Detter ned Stronger track shoes. New 

| tank gives Detter visibility deeper hardening in wear ar 

to the rear and tapered hood is increased %” 
forward vision. 


CATERPILLAR’S NUMBER ONE PROJECT A multimil- 
lion-dollar research and development program — to 
meet the continuing challenge of the greatest construc- 
tion era in history with the most productive earthmov- 
ing machines ever developed. 


CATERPILLAR 


Caterpulas and Cat are Registered Trademarks of Caterpiie: 


New seat atpeetnent. New spring- 


loaded adjustment mechanism pro- 
vides more positive cushion and 
back rest positioning. Wider seat 
for more comfort. 


Bigger, heavier 
has been 


ft Zia 
AR S 
No. 
PROJECT 
naw O° esearch 
proveo 
fey Larger pins and bushings. Diameters are 
Va Increased size reduces deflec- } 
on tion provides better contact along the 
alloy permits New foot decelerater. Provides easier me- track links. Strength 
SEatex be pene- out taking hands rom controls (optional itch increase from 9” to 10%” ' 
ae life, on direct drive, standard on others). strengthens all track components. 


CRACKS 


GALIGHER ENGINEERING | tHe 


Galigher engineers. . backed by skill, experience and 
world-wide prestige in all branches of metallurgy ... carry on 
the Galigher tradition of meeting the exceptional challenge. 


Even if the problem is, to you, a discouraging one, the 
likelihood is that Galigher men will come up with the feasible 
answer. Whether it is ore evaluation, improvement of the 
end product or the devising of a flowsheet whose objective is 
PROFIT... our service is for you! 


Most of our many past assignments in ore beneficiation 
have been successfully solved through laboratory procedure. 
In many instances, however, our engineers have set up their 
equipment “on location” — in the field or at the mill. 


If you require a service that always keeps an eye on the 
economics of operation, correspond with us or suggest a time 
and place for a conference. 


™.507 


GALIGHER 


CONSULTATION ORE TESTING PLANT DESIGN 


GALIGHER PRODUCTS: AGITAIR® Flotation Machine, VACSEAL Pump, METALLURGICAL 
Geary-Jennings Sampler, Acid-proof Sump Pump, Geary Reagent Feeder, DIVISION... 
Laboratory AGITAIR® Flotation Machine, Laboratory Pressure Filter, Labor- ENGINEERING 
otory Ball Mill, Rubber Lined and Covered Products, Plastic Fabrication. SERVICE 


Th GALIGHER rd HOME OFFICE: 545-585 W 8th South, P O. Box 209, Salt Loke City 10, Utoh 
e 0. EASTERN OFFICE: 92! Bergen Ave. (Room 922 ), Jersey City 6, New Jersey 
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ABSTRACTS 


cations of jobs: those which result from in- 
spection and observation of equipment during 
operations and on down time; and those done 
in accordance with a specific time schedule. 
AIME Colorado Section MBD Meeting, May 
1959. 


Quicksilver in Oregon by Howard C. Brooks 
—Oregon mines have produced 101,783 flasks 
of quicksilver valued at approximately 14.1 
million. Since 1927 when continuous produc- 
tion was begun in this state 98,542 flasks 
have been produced. Geology of the various 
deposits throughout the state is covered in 
detail. Pacific Northwest Regional Confer- 
ence, April 1959. 


Direct Reduction by the Tysland-Hole Elec- 
tric Furnace by Ola M. Roald—Technical and 
economic factors during the last decade have 
had an important bearing upon determining 
the best process for making steel in the U. S. 
Direct reduction processes have been devel- 
oped mainly in order to produce commercial 
grades of iron of high quality at competitive 
cost, to avoid dependence on a supply of high 
grade coke, and to achieve greater flexibility 
in the grade of ore used. The Tysland-Hole 
furnace, which was developed in order to 
take advantage of the possibilities of the 
Soderberg electrode, is described in detail. 
Furnace operation, end product, and by prod- 
uct are covered. The Tysland-Hole electric 
furnace method is compared with blast fur- 
nace methods of steelmaking, and the feasi- 
bility of the direct reduction method in the 
Pacific Northwest is discussed. Pacific North- 
west Regional Conference, April 1959. 


Control of Molybdenum in Uranium Circuits 
by D’Arcy R. George—Ali mills using the 
acid leach process recover uranium from 
their pregnant solutions by either solvent ex- 
traction or ion exchange and the presence of 
even small concentrations of molybdenum 
which occur in these liquors (probably as the 
polymolybdate anion,) interferes with their 
processing and increases operating costs. The 
source of molybdenum in domestic uranium 
ores, its mineralogy in the ores, solubility, 
purification of pregnant liquors, and control 
of molybdenum in yellow cake are covered 
in detail. Several methods for controlling 
molybdenum and uranium concentrates are 
suggested and discussed. Fourth Annual Ura- 
nium Symposium, AIME Uranium Section, 
May 1959. 


Cleaning and Preparation of Metals for Elec- 
troplating by E. B. Saubestre and H. B. Lin- 
ford—Wettability tests are the most con- 
venient ones for detecting hydrophobic soils 
on metal surfaces. Further, it has been shown 
that when properly operated these tests can 
be made to be sensitive. Data as to the ab- 
solute sensitivity of various tests for clean- 
liness will be presented. The atomizer test, 
which is a variant of the water-break test, 
will be described. This is shown to be ap- 
proximately ten times as sensitive as the old 
established water-break test. The reasons for 
this increased sensitivity have been postu- 
lated as, first, the atomizer test depends on 
the advancing contact angle whereas the 
water-break test depends on the receding 
contact angle, and second, bridging of small 
soiled areas is possible with the water-break 
test. However we have no examples where 
droplets of water have spread to cover even 
minute particles of comtamination. 

Some studies of spreading rates or oils will 
be reported. The ease of cleaning of metal 
surfaces has been studied as a function of the 
spreading rate of the soil, for both pure com- 
pounds and mixtures of compounds. Results 
of studies on the adhesion of electrodeposits 
of nickel on copper will also be discussed. 
Joint Meeting, SME, MBD-American Chemi- 
cal Society, Div. of Colloid Chemistry, At- 
lantic City, N. J., September 1959. 


The Sensitivity of the Fracture Strength of 
Rock Salt to Environment by E. S. Machlin— 
Rock salt specimens, which have been sub- 
jected to a variety of surface treatments, 
and are then tested in three point bending 
in specific environments, are discussed in 
terms of their behavior. On the basis of these 
experiments, the known brittleness of rock 
salt in air is deduced to be a function of the 
zone or NO content of the air and not the 
Oz, or Ne content of the air. Further, it can 
be concluded on the basis of these results and 
supplementary tests in oxidizing solutions 
that rock salt is embrittled in the presence 
of active oxygen. The mechanism of the 
embrittling action of active oxygen is not 
known. Joint Meeting, SME, MBD-American 
Chemical Society, Div. of Colloid Chemistry, 
Atlantic City, N. J., September 1959. 
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MANUFACTURERS NEWS 


/ / 
NEWS EQUIPMENT / CATALOGS 


Mine Car Loader 


Nolan Co. announces two new 
major developments in its automatic 
mine car loading station, Automatic 
selection of the stroke of the Porta- 
Feeder unit permits short and long 
cars in mixed trips to be fed and 
loaded without delay. Mixed and 
low cars can likewise be quickly 
loaded by instant automatic adjust- 
ment of the loading bar. Circle No. 
1, 

Coal Drill 

An underground drill, capable of 
driving ventilation holes, burn holes, 
and escapeways at angles from 15° 
below horizontal to 90° above has 


been introduced by Salem Tool Co. 
Compact drilling unit measures 68 x 
48 x 96 in. Mast at vertical is just 7 
ft 6 in. Separate 60-hp a-c or d-c 
power unit is 68 x 36 x 96 in. Both 
units are completely self-moving on 
skids and jacks. Circle No. 2. 


One-Man Air Conditioner 
Cool-headed earthmover opera- 
tors are the object of a newly de- 
signed air conditioning unit by 
Jamieson Laboratories. Consisting 
of a helmet, hose refrigeration unit, 
and filter, the Jamieson Whitecap 
wires into any 12-v (or larger) ig- 
nition circuit. The company stresses 
that wearing the helmet will step 


up driver efficiency in hot weather 
and eliminate the need for repeated 
costly rest periods. Circle No. 3. 


/ 


/ 
New Crawlers 


International Harvester is now 
turning out new International TD-9 
and TD-6 crawler tractors, featuring 
6-cyl, direct-starting diesels and 
new track rollers providing 500-hr 
lubrication intervals. The TD-9 pulls 
11,720 lb at 1700 rpm; the TD-6, 
8715 lb at 1550 rpm. Both are de- 
signed for fitting with a variety of 
dozers, loaders, and other attach- 
ments. Circle No. 4. 


V-8 Diesel Scraper 


The first production earthmoving 
scraper with a V-8 diesel engine, the 
new V-Power C Tournapull by 
LeTourneau-Westinghouse is teamed 
with a 20-cu yd C Fullpak scraper 
for a combination of large capacity 
and high power-to-weight ratio. 
The Tournapull can also be teamed 
with other trailing C units: the 22- 
ton rear dump and a 20-ton crane. 
Circle No. 5. 


Trough-Edged Conveyor Belt 

A patented flange edge conveyor 
belting from MonoBelting Corp. 
eliminates the use of troughing 
idlers, reducing maintenance ex- 
pense and increasing belt life, 
according to its manufacturer. 


Designated Monobelt, it is pre- 
tensioned to flex as it passes around 
the pulleys, eliminating fatigue and 
permitting faster belt speeds. Avail- 
able in widths up to 48 in. Circle No. 
6. 


Deep-Hole Rotary Compressor 

To meet the need for high 
pressure compressors in deep hole 
drilling, Allis-Chalmers has now 
developed a_ three-stage rotary 
compressor designed to furnish an 
automatically controlled, constant 
force of 250 psig, with momentary 
pressures up to 300 psig. The high 
pressure unit has the rotary com- 
pressor’s advantage of not transmit- 
ting as much shock as other types. 
Plus feature: When worn, the sliding 
vanes of rotary units can be quickly 
replaced with minimum downtime. 
Circle No. 7. 


Power Shift 

Caterpillar D8 and D9 tractors are 
available now ' with power shift 
transmissions, providing instantane- 
ous, one-lever control of gear shift- 
ing without interruption of power 
and momentum. Best features of 
both direct drive and torque con- 
verter power trains are combined by 


planetary gear set, which transmits 
a third of engine torque directly to 
transmission input shaft, and the 
remainder through the torque con- 
verter. Circle No. 8. 


Portable Dredge 


A new dredge by American Ma- 
rine & Machinery Co. features a 
compact Hydra-Drive system which 
permits portability and two-day 
assembly. Complete machinery con- 
trol system is housed in an elevated 
control room, giving full view of 
operations. Circle No. 9. 


Biggest Micronizer 

Sturtevant Mill Co. has shipped the 
biggest of its Micronizer fluid energy 
mills (42-in. diam). It has a maxi- 
mum capacity of from 750 lb to more 


than 3 tph, depending upon material 
and fineness desired. Using no mov- 
ing parts, unit causes micro-grinding 
particle collision through jet action. 
Circle No. 10. 
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Skinner 
Furnaces 


for Drying, Roasting, Calcining 
Incinerating and Decomposing 


Two 23'6” |.D., 4 Hearth Skinner Furnaces drying over 
40 tons of copper sulphide concentrates per hour. 


Important Advantages 


Flexibility. A wide range of possible 
combinations of diameter, number of hearths, 
number of burners, gas offtakes, 

up or down draft, rate of feed, retention 
time, etc., permit engineering 

a Skinner Furnace to the exact requirements 
of each individual application. 


Accessibility. All wearing parts may 
be replaced without cleaning out or cooling 
down the furnace. 


Minimum Dust Losses 


Will Handle Sticky Material 


Visibility. Access doors permit view and 
accessibility of material at each hearth. 


Small Space. Minimum floor space 
per ton capacity. 

2 to 14 Hearths. 

4'0” to 23’6” Inside Diameter. 
22 to 4000 sq. ft. Hearth Area. 
Gas, Oil or Coal Fired. 


Applications 


Roasting Molybdenum Sulphide 
Concentrates 


Roasting Uranium-Vanadium Ores 
Drying Uranium-Oxide Precipitate 
Decomposition of Oil Sludge 


Lime Burning 


Drying Copper 
Concentrates 


Roasting Zinc Ores 
Manganese Reduction 


Dehydration of Alunite 


Calcining of Basic Alum, 
Lime Sludges, Clays, 
Foundry Sand, Carbon, etc. 


Incineration of Sewage 


Proved and Improved for 38 Years 


Manofacturing Division 


MINE AND SMELTER 


SALES | AGENTS in Chile, Philippine Islands, New 
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PIC-A-PUMP: Allis-Chalmers Mfg. 
Co. has published its first complete 
catalog of pumping units, with 
576 pages of engineering data cover- 
ing hundreds of pump types, models, 
and sizes. A limited number of “Pic- 
A-Pump” catalogs are available to 
Mininc ENGINEERING readers who 
request them on company letter- 
heads. Write now to Allis-Chalmers 
Mfg. Co., Main Office, Box 512, Mil- 
waukee 1, Wis. 


(21) FACILITIES: Lake Shore Inc. 
has produced a new illustrated book- 
let which lists the company’s com- 
plete manufacturing facilities in- 
cluding machinery, plants, supply 
and service centers, sales offices and 
products. Photos in the 12-page 


booklet show the large specialty 
machines in action. 


(22) CRAWLER TRACTOR: Recent- 
ly put into production by Interna- 
tional Harvester Co. is the model 
T-340 3l-hp (drawbar rating) 
crawler tractor designed for indus- 
trial use. It weighs only 5600 lb but 
has advantages of traction, stability, 
and maneuverability. 


(23) AIR DRILL HOSE: Hewitt- 
Robins Inc. describes in 2-page bul- 
letin S105 the Duroil air drill hose 
for pneumatic hammers. Rugged in 
construction yet light in weight, it 
is flexible and easy to handle. 


(24) ROTARY DRILL: A single mo- 
bile rig from Mobile Drilling Inc. 
now does auger boring, core drilling, 
percussion drilling, and soil sampl- 
ing, according to a folder from the 
firm. The B-52 Pacemaker pays for 
itself in performance and economy. 


(25) VALVE: Automatic density dis- 
charge control for jig hutch products 
and similar applications is provided 
with the Dowsett valve from the 
Denver Eqpt. Co. Thickener, settling 
cone, and hydroclassifier underflow 
can be controlled and low-density 
underflows eliminated without the 
addition of expensive power units. 


mail this 
post card for more 
information 
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(26) GRINDER: A new grinder de- 
signed specifically for 

crawler tractor rollers and idlers is 
now available from L & B Welding 
Eqpt. Inc. According to their data 
sheets, the machine is able to handle 
any size roller and idler. 


(27) SEPARATORS: An exclusive 
feature of a line of tramp iron sepa- 
rators manufactured by Stearns 
Magnetic Products is the use of In- 


(28) MOTOR GRADERS: Bulletin 
DE914 from Caterpillar Tractor Co. 
covers the main features of 3 motor 


graders: No. 14, 150 hp; No. 12, 115 


(31) INDUSTRIAL GASES: Air Re- 
duction Sales Co. offers 32-page 
booklet ADC 892 covering all avail- 
able industrial gases, illustrating in 
color how each gas is made, de- 
livered, and used. Oxygen, nitrogen, 
argon, helium, acetylene are some 
of the gases covered. 


(32) STRUCTURALS: Ideas that 
promote fast, economical building 
construction through the use of 


by Jones & Laughlin Steel Corp. Its 
16 pages deals with junior beams, 
junior channels, joints, and light 
beam sections. 


(33) TRAXCAVATOR: No. 933 se- 
ries F Traxcavator from Caterpillar 
Tractor Co. is designed as an all- 
round digging and loading tool, ac- 
cording to information sheets from 
the manufacturer. Features include a 
new engine, stronger power train, 
larger-capacity bucket, and an oper- 
ator’s compartment built for max- 
imum comfort. 


(34) TUBE: A 19-page catalog en- 
titled “Design and Cost Comparison 
of Heat Exchangers Using Wolverine 
Trufin” has been published by Calu- 
met & Hecla Inc. Trufin, an integral 
finned tube, is explained and illus- 


pressure from the busy shop crane, 
Ingersoll-Rand Co. has developed 


stalled. The 1000-lb capacity hoist 
weighs 39 lb and lifts its rated load 
at 45 fpm. 


(36) VOLTAGE REGULATORS: 
Application, description, selection, 
weights, dimensions, and connection 
diagrams are included in a 60-page 
booklet from General Electric Co. 
describing dry type and liquid filled 
Inductrol —_— regulators (60 and 
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& lightweight steel structurals are a 
ie highlighted in a booklet published 
dox ceramic permanent magnets. The 
Peet ceramic material is barium ferrite. 
a (35) HOISTS: To conserve time, re- 
duce operating costs, and remove 
| tainer with a new front head as- two lightweight, portable air hoists 
ao sembly has been developed by Chi- designed to be easily moved and in- 
esas cago Pneumatic Tool Co. The com- 
ee pany has details on the CP-69, em- 
+ phasizes its versatility. 
(30) COMPRESSOR: Ingersoll-Rand 
es Co. announces the addition of a 250- 
cfm size to their line of Gyro-Flow 
seg compressors. The 250 is outlined in 
ey folder 2931. Offering 20 pct more 
rite capacity, the unit is smaller yet 
retains the same 1800-rpm engine 
ra speed. Special features are listed. 


(37) LUBRICATING SYSTEMS: 
Lincoln Engineering Co. says it can 
bring cost-cutting efficiency with 
modern automatic power lubrication 
systems. Air, electric, and manually 
operated systems apply refinery- 
pure lubricant in measured quanti- 
ties to all bearings in seconds while 
the equipment is operating. Ask for 
catalog 81, bulletin 811-R, and Lin- 
coln’s new “Report to Management.” 


(38) CYCLONE WASHER: The 
Dutch State Mines heavy medium 
cyclone washer for fine coal, % in. 
to 48 mesh, is now available to coal 
producers in the U. S., according to 
a new brochure from Roberts & 
Schaefer Co. Predicted results of the 
washer with typical American coals 
are listed and a flow diagram is in- 
cluded. 


(39) NOMOGRAM: A duel nomo- 
gram for horsepower, torque and rpm 
applicable to fractional horsepower 
motors and transmissions gives two 
scales each for torque and horse- 
power. Data is from Merkle-Korff 
Gear Co. 


(40) DRILLING TOOLS: A flyer an- 
nounces a line of Brunner & Lay Inc. 
rope thread blast hole drilling tools, 
Rok-Bits, Carbo-Rok extension steel, 
couplings and striking bars. Size and 
type specifications given. 


(41) FILTERS: Automated features 
and labor saving design of the Eim- 
co-Burwell filters are explained in 
an 8-page brochure from LEimco 
Corp. Drawings explain the plate 
and frame filtration method em- 
ployed. Air flow, slurry flow, filtrate, 
cake, and washwater flow are de- 
signated by symbols or color. Ask 
for bulletin F-2052. 


(42) DUST CONTROL: Data on dust 
control with Torit cyclone separators 
are available from Torit Mfg. Co. 
One or a combination of eight cy- 
clone separators can protect ma- 
chinery investment, product quality, 
employe health, and reduce main- 
tenance cost. 


(43) OFF-HIGHWAY TRANSPOR- 
TATION: Easton Car Construction 
Co. advertises truck bodies, trailers, 
and trailer trains, and automatic 
electric overhead dumping systems 
with pan-type trailers in catalog A. 
Charts and photographs illustrate 
the all-purpose models. 


(44) SHUTTLE CAR & LOADER: 
Catalog G-143, covering the type 964 
low vein loader, and catalog G-144 
on the type 870-20 shuttle car have 
been published by Goodman Mfg. Co. 
The loader is low, has high capacity, 
power, and maneuverability. The low 
shuttle car has a 57-in.-wide convey- 
or and 4-ton capacity. 


(45) BELT IDLER & CONVEYOR 
PULLEY: Bulletin 5980, 72 pages, 
has been released by Chain Belt Co. 
to detail Rex rated idlers and welded 
steel pulleys for belt conveyor, 
bucket elevator, and package duty 
service. A 10-page section outlines a 
method for selecting belt idlers to 
insure top performance. 


(46) TRAILERS: Light, medium, and 
heavy-duty dump trailers tailor- 
made to fit specific hauling applica- 
tions are featured in the booklet 
“Profitable Payloads” from Hercules 
Steel Products Co. Among the single 
and tandem axle models shown are 
steel and aluminum units of both 
frameless and frame-type design. 


(47) BLOCKS & SHEAVES: Sauer- 
man Bros. Inc. catalog I contains 
complete specifications including 
tonnage capacities and recommended 
wire rope sizes for Sauerman Duro- 
lite blocks and sheaves. Lightweight 
strength and durability are features. 


(48) GOLD PLANTS: Western- 
Knapp Engineering Co. has made 
available bulletin K8-B12, “Gold 
Plants of the Future,” reprinted from 
a paper presented at a meeting spon- 
sored by the Colorado Mining Assn. 
The close degree of kinship between 
the extractive metallurgy of gold 
and uranium is discussed, with flow 
diagrams and cost study charts. 
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(49) REPAIR KIT: Automatic Vul- 
canizers Corp. now has on the mar- 
ket a conveyor belt repair kit con- 
sisting of chemically cold self- 
vulcanizing repair material under 
the Pang trade name. Data sheets 
and booklet tell how many problems 
of maintenance can be solved. 


(50) BRUSH: Osborn Mfg. Co. has 
developed a low cost and efficient 
brush for cleaning clinging material 
from conveyor belting. Extruded 
aluminum mounting along with syn- 
thetic fill material provide fast, 
thorough cleaning action and long 
wear, according to the maker. 


(51) OFF-HIGHWAY TRUCKS: Le- 
Tournecu-Westinghouse Co. offers a 
24-page folder on the Haulpak truck 
line, illustrating unique Hydrair air- 
hydraulic suspension, high capacity 
V-frame and body, multiple braking 
system, and other special features. 


(52) REPLACEMENT PARTS: Co- 
lumbia Steel Casting Co. has pro- 
duced a 4-page, 2-color brochure 
featuring replacement parts for 
tractors. A summary of Columbia's 
experience and skill is given and 
many photos illustrate the wide 
range of production capacities. 


(53) PULLEYS: Stearns Magnetic 
Products has announced the devel- 
opment of a line of electromagnetic 
pulleys for removing tramp iron 
from belt-conveyed bulk materials. 
It retains the advantages of two-coil 
design and gives more protection 
per dollar. Ask for bulletin 1011. 


(54) CAR SHAKER: The A-C line 
of car shakers for safe, fast, and 
economical pushbutton unloading of 
granular material from open, hop- 
per-bottom gondola railroad cars 
has been expanded with a new unit 
according to data sheets from Allis- 
Chalmers Mfg. Co. The 3% ton shak- 
er is designed for small and medium 
operations and is capable of handling 
the same materials as the 5-ton unit, 
but at a slower rate. 


(55) BUCKET: One-piece cast man- 
ganese steel backhoe buckets are 
now available from American Man- 
ganese Steel Div. of American Brake 
Shoe Co. The arch is cast with a box 
cross-section to provide greater 
strength. Further information is 
available from the manufacturer. 


(56) EXPLOSIVES: “Du Pont Explo- 

sive Forming,” a pamphlet explain- 
ing metal techniques, is 
offered by E. I. du Pont de Nemours 
& Co. Charts, diagrams, and com- 
plete instructions fill the booklet. 


(57) CRUSHING EQUIPMENT: 
Latest addition to the line of crush- 
ing equipment of Staub Mfg. Co. Inc. 
is the Kue-Ken portable primary. 
Advantages include high capacity 
and low maintenance costs in vari- 
ous sizes and combinations of com- 
ponents. Ask for data sheets. 
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CALL THE MAN WHO 


makes your conveyor dollar 
carry more, last longer 


Here’s how you can be sure of top conveyor efficiency and economy: include a 
CHAIN Belt Conveying Engineer on your planning team. He’s well qualified 
in two ways to help your team find the right system for your specific needs: 
1. He offers you the industry’s most complete selection of belt conveyor com- 
ponents such as idlers, pulleys, bearings and take-ups — assuring the most effi- 
cient design for every application. 2. He’s an application expert — offering you 
many years of experience in selecting the right conveyor system for the job. 

As a result, you get top efficiency in your system and you save because you cut 
initial, operating and maintenance costs. You keep down time to a minimum 
with trouble-free operation and longer conveyor life. You move maximum tons 
at lowest cost. 

Whether you are planning a new system or expanding existing units, call in 
your CHAIN Belt Conveying Engineer. He will help your planning team get 
better results. Contact your nearest CHAIN Belt District Office. Or write CHAIN 
Belt Company, 4794 W. Greenfield Ave., Milwaukee 1, Wis. In Canada: CHAIN 
Belt (Canada) Ltd., 1181 Sheppard Ave. East, Toronto. 


CONVEYOR SYSTEMS 
AND COMPONENTS 


— 6REX® Conveyor. 
-Outy 
ne 


Increase grinding mill efficiency... 


with CFsI Grinding Media 


The Image of CF&I helps assure increased output 
in grinding mill operations—through the use of 
long-wearing, tough CF&I Grinding Balls and 
Grinding Rods. 

The special analysis steels used in these products 
give an ideal balance between hardness and tough- 
ness—thus affording optimum grinding ability plus 
maximum wearability. 


CF al GRINDING BALLS are hot-forged and carefully 
inspected throughout production and immediately 
before shipment to assure that they are free of 
surface pits, circumferential ridges or other surface 
imperfections. They have excellent resistance to 
both abrasion and impact, and operate economi- 
cally in either high or low speed mills. Available in 


diameters from to 


CFal GRINDING RODS are hot-rolled of a special 
long-wearing steel which minimizes both bending 
and premature breakage. All rod ends are square 
cut and rods are of proper length to fit the mill in 
which they will operate. All rods are machine 
straightened to assure maximum line contact be- 
tween the rods for the full length of the mill. These 
properties help facilitate rod line-up in the mill and 
eliminate tangling of the charge. Available in 4” 
increment sizes from 114" to 4” in diameter and in 
various lengths. 


For complete information and service on all CF&I 
Mining Products, contact the nearest CF&I sales 
representative. 


OTHER CF&I STEEL PRODUCTS FOR THE MINING INDUSTRY 
CF&I Mine Rail and Accessories + CF&! Rock Bolts and Realock Metallic Fabric 
CF&!I industrial Screens + CF&!-Wickwire Rope + CF&! Grader Blades 


MINING PRODUCTS 


THE COLORADO FUEL AND IRON CORPORATION 


STEEL. 
fn the West: THE COLORADO FUEL AND IRON CORPORATION—Albuquerque - Amarillo - Billings - Boise - Butte - Denver 


+ El Paso - Farmington (N. M.) - Ft. Worth - Houston 
Portland + Pueblo - Salt Lake City - San Francisco - San Leandro - Seattle - Spokane - Wichita 
Boston - Buffalo - Chicago - Detroit - New Orleans - New York + Philadelphia 7074 


Kansas City + Lincoln + Los Angeles - Oakland - Oklahoma City - Phoenix - 
in the East: WICKWIRE SPENCER STEEL DIVISION—Atlanta - 
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How to convey hot bulk materials 
with initial temperatures up to 1900° 


Rex Outboard Roller Steel 
Pan Conveyor, Style A 
Leakproof Aprons. 


Rex Outboard Roller Steel Pan Conveyors provide a practical solution to 
many unusual conveyor problems. 

Unique construction assures longer life—eliminates many replacement 
costs down through the years—holds down time and maintenance costs to a 
minimum. 

Here are two of the ways improved Rex design gets right to the heart 
of the heat problem: 

1. Chain and rollers are insulated from maximum temperature heat zone. 
2. Carbon steel pans, with large pan surfaces, provide maximum heat transfer. 

Long wear life, easy maintenance—Ruggedly built for extra stamina, Rex 
Outboard Roller Steel Pan Conveyors are known for their long, trouble-free 
service. Wear is confined to heavy outboard rollers; square through rods 
connecting the chains assure rigidity, equal load distribution; and outboard 
vad roller design permits easy servicing without disassembly of chain or conveyor. 
= Preferred throughout industry—Deep pan construction, shown above, is 
ideally suited for use in a wide range of heat processing applications; for 
example: calcining, sintering, briquetting, beneficiating and nodulizing. This 
style is available in a wide range of sizes. 

Other types available for every service—For information on how Rex 
Apron Feeders, Apron and Pan Conveyors can help you cut production costs, 
write CHAIN Belt Company, 47°" W. Greenfield Ave., Milwaukee 1, Wis. 
In Canada: CHAIN Belt (Canada) Ltd., 1181 Sheppard Ave. East, Toronto. 


OUTBOARD ROLLER 


STEEL PAN CONVEYOR 


Nod 

Rex 531-K17 Light-Duty Ay 

® chain attachments furnished 
machinery perts for many 


1. This thick slurry (28% solids) comes from a coal 
washing process half a mile away. 


2. To stand its grinding action, this 2600 gpm pump 


is fitted with Ni-Hard impellers and casings. 


3. So when fast-running slurry caused heavy wear 
in the suction-side piping of these pumps... 


4. It was easy to answer the problem by inserting 
baffles and sleeves of Ni-Hard iron. 


How Ni-Hard Castings Beat Wear Problem— 
Reduce Maintenance In Coal Washing System 


One of the largest hydraulic refuse- 
handling systems relies on outstand- 
ing abrasion resistance of Ni-Hard 
iron to dispose of 160 tons per hour 
of tailings. 

The Sunnyhill Coal Company in 
New Lexington, Ohio has one of the 
largest hydraulic refuse - handling 
systems in the coal industry ... and 
with the help of Ni-Hard* nickel- 
chromium cast iron, it is one of the 
most efficient. 

The system’s three solids-handling 
pumps, built by Barrett-Haentjens & 
Co. of Hazelton, Pa., are well pro- 
tected against swiftly moving 


streams of abrasive tailings. All im- 
pellers and casings are made of Ni- 
Hard iron, the outstanding alloy for 
abrasion protection. 

Materials rejected in the coal wash- 
ing process — rock, shale, sand and 
other waste — mixed with water, 
swirl through the pipelines at high 
speed. This once caused heavy wear 
in the suction line . . . until Barrett- 
Haentjens installed a cross-shaped 
baffle of Ni-Hard iron mounted in a 
Ni-Hard sleeve inside the regular 
cast iron pipe. Action of the baffle in 
curbing turbulence and the superior 
abrasion resistance of Ni-Hard iron 


combined to beat the wear and main- 
tenance problems. 

If you are experiencing severe 
wear in pumps and lines, and shut- 
downs for repairs are too frequent 
— it will pay you to consider long- 
wearing Ni-Hard cast iron for your 
operations. 

Ni-Hard castings are available 
from authorized producers through- 
out the country. For the address of 


the one nearest you, write to Inco. 
*Registered trademark 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street aio, New York 5, N.Y. 


INCO NICKEL 


NICKEL MAKES STEEL PERFORM BETTER LONGER 
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To Recover Iron from Copper Slag Piles 

A projected mill to recover iron from the waste slag of the old United Verde 
copper smelter at Clarkdale, Ariz., will be the first of several possible facilities 
designed to process slags by the Strategic-Udy direct reduction process. The 
Clarkdale project involves building Arizona’s first integrated steel plant and 
will be based on the potential wealth of a 30-million ton pile of slag averaging 
about 33 pct Fe, 0.5 pet Cu, and 2 pct Zn. The mill builder, Webb & Knapp Stra- 
tegic Corp., a new subsidiary of Webb & Knapp Inc., also has plans for con- 
structing a steel mill at Anaconda, Mont., where it has already contracted to 
buy 40 million tons of slag from the Anaconda Co. The Clarkdale mill will cost 
more than $15 million and is expected to begin operating in about two years, 
if financing is available. 


Inland Steel Joins Wabush Developers 

Inland Steel Co. is to become a 10-pct owner in Wabush Iron Co. Ltd., a com- 

pany engaged in investigating the potential of a large Labrador iron orebody. 
ay Inland is joining four other U.S. and Canadian firms as a part owner of Wa- 
: bush, which is currently building a pilot plant that will turn out concentrate for 
large-scale testing next year. 


Beryllium Flotation Reagent Reported 

A newly formed beryllium mining and milling company, Dynamic Metals Corp., 
reportedly has exclusive rights to a beryl flotation reagent, which could elimi- 
nate hand-cobbing—until now the only commercial concentration method. The 
new company was formed by Radorock Resources Inc., Federal Uranium Corp., 
Lisbon Uranium Corp., and Hidden Splendor Mining Co. 


Simple Method for High Purity Tungsten, Molybdenum Powders 
Using a method called fused salt bath electrolysis, USBM metallurgists in Reno, 
Nev., have treated scheelites and obtained 98-pct pure molybdenum and 99'- 
pet pure tungsten. Concentrate, mixed with alkali phosphates or borates, is 
heated and subjected to electrolysis under low voltage. Molybdenum then col- 
lects on the cathode, which is removed. A new cathode is inserted and the vol- 
tage is stepped up. The higher voltage brings about the recovery of tungsten 
in the solution, completing the processing. Economy of the method indicates 
possible commercial use. 


TVA Lets Big Contract to Peabody Coal 

Peabody Coal Co. has signed a contract with the Tennessee Valley Authority 
involving supply of 65 million tons of coal to a steam-electric plant, over a period 
of 17 years. Coal will be delivered, unwashed, to a new plant for $2.95 a ton. 
Cost is low because the truck haul from mine to generating plant is only five 
miles at most. 


Tax Help for Intermediate Ores on Iron Range 

The same Minnesota law that helped increase research and development on ta- 
conites in the early forties, has been amended to lend tax assistance in develop- 
ing processes for using the soft, lowgrade intermediate ores of the Iron Range. 


Comilog Manganese Reserves 

Huge reserves have been estimated for Comilog’s high grade manganese de- 
posits in the Gabon Republic of Africa. Of the four plateaus covered by the ore- 
bearing area, two have been covered only by rapid exploration. The other two, 
investigators have shown, include proven reserves of more than 70 million 
long tons, probable reserves of similar tonnage, and possible reserves of about 
50 million tons. One area, only a kilometer square, holds a reserve of 9 million 
long tons. 
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"Cpotty, as a digger 
you just aint got it!” 


Without realizing it, Billy has hit 
upon a basic truth in the excavating 
business. To come out on top, 
you've got to use the best equipment 
for the job. 

With many factors beyond 
a contractor’s control, choosing 
the right equipment becomes especially 
important. For this is one thing 
a man can control. 

That’s why so many contractors 
choose Bucyrus-Erie. They have 
learned . . . as their fathers did before 
them ... that B-E machines are 
built for more than ordinary digging. 
They are built to handle the toughest 
jobs — and still perform better. 


YRUS 
LE 


BU 
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The Eimco Corporation is proud to announce the EimcoBelt filter 
- + + an important achievement in the science of liquid- 
solids separation through continuous vacuum filtration. 


EimcoBelt is a perfected continuous belt drum filter. 
It was developed in Eimco’s Research and Develop- 
ment Center at Palatine, Illinois, in cooperation 
with Eimco design engineers at the factory, 

who worked for more than six years with a 

budget of over a million dollars to create, 

field test, and perfect this revolutionary 

new fiiter. 


The EimcoBelt, equipped with cloth 

or metallic medium, eliminates blind- 
ing. The medium is removed from the 
drum every filter cycle for cake discharge 
and cloth cleaning. 


© Thin cakes are easily discharged. 

¢ High vacuums, and high cake washing 
efficiencies, are maintained. 

© Capacities are greatly increased, permitting, in 
many cases, the use of smaller filters for the re- 
quired tonnage. 
Slurries with low density solids, which ordinarily re- 
quire thickening, can be filtered, and thickening reten- 
tion time eliminated. 

® Cloth change can be accomplished in less than 30 minutes. 


If you use filtration in any of your processing, let us show you the 
advantages of the EimcoBelt. Write for Bulletin F - 2053. 


THE EIMCO CORPORATION 
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For progressive desicn. for professional engi- 
meenng services, and for a profitable operating 
plant, Stearns-Roger is the logical 
cnd constrection of metallurgical, mineral ond 
chemicel’ beneficiation plants, small and large, 
assirance that for you, too, Stearns-Roger 
design to your flowsheet, engineer, fubricate, 


vl and erect a modern processing plant. 


MOLYBDENUM 
LEAD-ZINC 


Denver Houston + El Paso + Salt Lake city 


ENGINEERS CONSTRUCTORS MANUFACTURERS 


990—MINING ENGINEERING, OCTOBER 1959 


: 


GREATER 
PRODUCTION WITH 
EIMCO 631 


... crawler mounted hopper 
loader with greater capacity 


Latest addition to the famous 630 series of 
compressed air activated, crawler mounted equip- 
ment, with a greater hopper capacity of 45 cubic 
feet. With an additional 5 cubic feet carried in 
the bucket, a payload of three tons (50 cubic 
feet), can be easily handled. The 631 will also 
be available for AC operation. 

The Eimco 631 is self-loading, capable of 
both loading and carrying material. It is the 
answer to many and varied problems of develop- 
ing and production-loading in stopes, drawpoints 
and other such areas. 

Features include special long tracks for maxi- 
mum stability and ground contact area; a positive 
semi-automatic hold-device, for holding loaded 
bucket in carrying position; heavy-duty and re- 
movable hopper with full opening door; improv- 
ed, heavier equalizer bar; new, improved trun- 
nions and brackets and additional track rollers 
for a crawler base capable of easily carrying 
these heavier loads. 

Contact the nearest sales office or write The 
Eimco Corporation, P.O. Box 300, Salt Lake City 
10, Utah, for all details. 


“ADVANCED ENGINEERING AND QUALITY 


EIMCO CORPORATION 


EXPORT OFFICE: 51 - 52 SOUTH STREET, NEW YORK, N. Y. 


B-474 


BRANCHES AND DEALERS IN PRINCIPAL CITIES THROUGHOUT THE WORLD 


\ 


MINING | 
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CRAFTSMANSHIP SINCE 1884” 
SALT LAKE CITY, UTAH — U.S.A. 


for the mining 
industry 


KENNEDY 11'-6" Dia. x 14' 
Ball Mill for grinding iron ore. 


Dependable operation in wet or dry grinding FEATURES THAT DISTINGUISH KENNEDY GRINDING MILLS 
of material at low cost, with minimum main- 


tenance —this is the reputation that KENNEDY 
Ball Mills en joy. Welded and stress-relieved heavy steel plate shells 


Cast steel or Meehanite heads 


. 


Large di ter trunnio 


You can profit from this reputation by speci- 


‘ Self-aligning bearings with adjustable sole plates 
fying KENNEDY. 


Positive “Ferris Wheel”’ lubrication of main bearings 
Send for complete information on KENNEDY 


Oil-tight bearing seals 
equipment. 


Motorized hydraulic lift to reduce starting torque 
Single helical cast steel gear and pinion 


eRIMARY AND SECONDARY GURATORY KENNEDY VAN SAUN 
PRIMARY AND SECONDARY GYRATORY CRUSHERS ® JAW CRIISHERS 
*® ROLL CRUSHERS © IMPACT BREAKERS © HAMMER MILLS ® BALL 


MILLS © ROD MILLS © AIR SWEPT MILLS © BELT CONVEYORS ° MANUFACTURING & ENGINEERING CORPORATION 
FEEDERS © VIBRATING SCREENS 405 PARK AVENUE, NEW YORK 22, N. Y. * FACTORY: DANVILLE, PA. 
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JOY 
CHAMPIONS 
... the 

big blast hole 
drills 

that are 
performance 


\ 


AT 


Experience makes the difference . . . Joy 
Champion rotary blast-hole drills have more 
actual operating experience behind them than 
any competitive make, because Joy was first 
with a big rotary blast-hole drill, and first with a 
complete line. Four field-proven models are avail- 
able with capacities from 5%” to 12K” hole 
sizes. You can get exactly the right machine for 
your operation from Joy. Pick the hole-size range 
from the table below, and you are assured of 
efficient, low-cost drilling with a minimum of 
maintenance. For complete information on these 
outstanding drills, write for Bulletin 341-7. 


MODEL HOLE SIZE 
56-BH Champion... .5%" to 634" 
58-BH Champion... .5%" to 774" 
59-BH Champion 614" to 9” 
60-BH Champion.....9” to 1244” 


Joy JO Company 
Oliver Building, Pittsburgh 22, Pa. 


In Canada: Joy Manufacturing Company 
Drilimobiles (Canada) Limited, Galt, Ontario 
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> 
Rock Bits 


ATERP 


LLAR'S 


PROJECT 


CONTROL is mounted to the left of the operator. One selector 
lever eliminates gearshift, forward-reverse and flywheel clutch 
levers. The safety lever prevents accidental transmission engage- 
ment. The selector lever moves in a “U” path to various positions. 
To the left are three reverse speeds. To the right, three forward 


PAYS OFF FOR 


New Cat Power Shift 


YOU AGAIN* 


speeds. To change speed, simply move lever to the required posi- 
tion. To change travel direction, move lever to the opposite side. 
Changing speed and direction are as easy as that—without clutch- 


ing—changes can be made while the machine is in motion under 
full load without loss of power or momentum. 


: 
5 
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HIGHER PRODUCTION PUSHLOADING: Power is quickly, easily adjusted to meet 
the demand. Shifting to higher gear boosts scraper out of cut quickly at higher 
speed. Speedy reverse quickly positions machine for next push. 


@ Shifts on-the-go under full load in a split-second! 


@ Changes speed, reverses direction with finger-tip 
control lever—and no clutching! 


The wraps are off—it’s ready. After many years of re- 
search and on-the-job testing, Caterpillar now offers a 
revolutionary new drive for Cat D9 and D8 Tractors— 
power shift transmission. This new transmission—with 
an exclusive design—provides production highs never 
before possible with a track-type tractor. Here’s why: 


1. It combines for the first time the flexibility and 
anti-stall features of torque converter with the operat- 
ing snap of direct drive. Because of its direct drive char- 
acteristics, it is more efficient than other power shifts. 


2. With one control lever and no clutching, it re- 
verses direction ... changes speed ... smoothly . . . un- 
der full load... in a fraction of a second. 


Talk about productivity—the Cat power shift trans- 
mission delivers in a big way. Split-second on-the-go 
shifts give plenty of power in the highest gear possible. 
Shifting is so easy the operator just naturally gets more 
work out of the tractor. What's more, he gets it on the 
toughest, most demanding track-type jobs. 


Besides the power shift transmission, you also have 
your choice of direct drive or torque converter in the 
D9 or D8. Fer complete facts on the new Cat power 
shift transmission see your Caterpillar Dealer. He’s 
ready to explain in detail how it works, or to demon- 
strate its ruggedness...its ease of operation... its 
productivity. Name the date—he’ll demonstrate! 


Caterpillar Tractor Co., Peoria, Illinois, U.S. A. 


CATERPILLAR 


Caterpiliar and Cat are Registered Trademarks of Caterpillar Tractor Co. 
DIESEL ENGINES * TRACTORS + MOTOR GRADERS 
EARTHMOVING EQUIPMENT 
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HIGHER PRODUCTION BULLDOZING: As material builds up, Cat power shift trans- 
mission permits split-second shifting. There's a minimum of forward surge 
when the load is dropped. 


instant reversing further slashes cycle time. 


BASIC DESIGN: Total power is transmitted from the engine to a planetary gear 
arrangement mounted in the engine flywheel. The planetary divides and directs 
the total power—part goes through a direct drive shaft straight to the trans- 
mission and the remainder through a torque converter to the transmission. 
This enables the Cat power shift transmission to combine the snap and positive 
operating feel of direct drive with the anti-stall and flexibility features of 
torque converter drive. its clean, unit construction design makes it easy 
to service, when required. 


ONE TON OF RUGGEDNESS: Here's a portion of the components that make up 
the new Cat power shift transmission. Designed and built specifically by 
Caterpiliar for its giant tractors, this rugged transmission weighs well over 
a ton. Every component is constructed for long-lived service. Selected alloy 
stee! insures a transmission that stands up under the toughest conditions. 
Equally important, Cat power shift transmission comes to you thoroughly tested 
by exacting design and demanding field work in the heaviest earthmoving duty. 


*CATERPILLAR’S NO. 1 PROJECT: A multimiliion-dollar research program — 
to meet the continuing challenge of the greatest construction era in 
history with the most productive earthmoving machines ever developed. 


oi CAT POWER SHIFT TRANSMISSION 
- 
SE SIM PLANETARY GEAR SET TORQUE CONVERTER 3-SPEED TRANSMISSION ; 
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AC metal mining modernization 


Grinding mills grow... 
Operating costs shrink 


It’s the big mill that grinds out profits. Want proof? 
In a typical installation, a giant 13 by 20-ft, 2000-hp 
2000-hp mill does Allis-Chalmers mill replaced two 10% by 17 units. 
work of multiple units Operating costs were cut by a whopping 25% without 
losing one ounce of capacity. 

Grinding mills are on the grow. The single mill con- 
serves floor space and affords better quality control with 
its improved circuits. Watch for the 2500 and 3000-hp 
Allis-Chalmers mills soon to be announced. 


..-at far less cost 


See your A-C representative or write Allis-Chaimers, 

Industrial Equipment Division, Milwaukee 1, Wis- 

consin. In Canada, write Canadian Allis-Chalmers 

A.5936 
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EDUCATION AND PUBLIC RESPONSIBILITY 


A recent publication, Education for Public Responsibility, has been 
issued by the Fund for Adult Education. The FAE was established 
by the Ford Foundation in 1951 to “help expand educational oppor- 
tunities for leaders—and emerging leaders—in all fields of American 
life to better understand and meet their public responsibilities.” 
To quote from this pamphlet: 


“Man now faces opportunities never known before . .. He can 
think of reaching toward the stars—figuratively and literally. 


This same man faces challenges never known before. There is 
an ever-present danger of a nuclear war . . . With or without 
war, there is danger of grim tyranny over all mankind. 

If man is to make use of his opportunities and meet his chal- 
lenges, he must match his expanding knowledge and age 
control of physical nature with expanding self-knowledge an 
increasing self-control. Those who believe that this can be done 
only through human freedom are called upon not only to do the 
best they know how, but also to find and develop new resources 
of will, courage and wisdom. 


Belief in human freedom is belief in the capacities of the 
individual: .. . Belief in the capacities of the individual is be- 
lief in the power of education. .... 

Our society embraces many philosophies and religions. We 
have a decentralized and diversified system of education. We 
have a privately operated system of information and opinion. 

All citizens share in the rights and duties of political self- 
government... . 

All citizens share in the rights and duties of our economic 
system based upon free choice... . 


We have opportunity, through active participation in many 
non-governmental organizations, to set and to strive to realize 
great social goals. 

All these opportunities dictate responsibilities equally great. 

And these responsibilities—the vital requirements of orera 
itself—are continually growing in size and complexity. . 


We must make proper use of expert knowledge, yet preserve 
control by the people. 


We must give freedom of opportunity for exceptional talents, 
yet provide equality of basic opportunities for all. 

We must develop more effective cooperative action while en- 
hancing individuality. 

On the world scene, the future of the American people and the 
future of all other peoples are intimately involv one with 
another. The United States has become the leader of the free 
peoples of the world and the hope of those who want to be free. 
Therefore, a high order of public responsibility would be re- 
quired of us even if the Soviet Union and its satellite nations 
were not bidding to rule the world. But they are seeking world’ 
domination. 

While their obvious threat is physical, their more subtle 
challenge is in the realms of beliefs and values. They challenge 
our fundamental conviction that free people can govern them- 
selves. While always ready to use their military might, they 
patiently wait... 

The capabilities of the Soviet society rest squarely upon Soviet 
education. Soviet achievements .. . attest the effectiveness of this 
Soviet resolve to make education a disciplined instrument of 
national purpose. 

This danger gives an urgency to our meeting the requirements 
which are inherent in freedom. Our education—dedicated to 
freedom—must be as purposeful and as effective as communist 
education for servitude. 

Yet clearly our education cannot be imitative. As our prin- 
ciples and purposes are profoundly different, so, too, must be our 
practices. 

If tyranny is to work, men must be tutored in totalitarianism. 
If freedom is to work, education enabling individuals to develop 
their greatest potentialities—and inspiring them freely to serve 
the welfare of their society—is indispensable.’ 
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mum floor space and little head room, with 
features that combine high production, econo- 
my of operation and lower maintenance costs. 


Traylor’s curved concaves used in the TY 
Crusher enable operators to secure large ton- 
nages of smal! product of uniform size with 
low percentage of oversize and waste fines. 
Traylor TY Reduction Crushers are built in 
six Sizes from 1°-3"' to 5’-6’’ and with feed 
openings from 3” to 22”. Write for bulletin 
#8112 today! 


) ENGINEERING & MFG. CO. 


1203 MILL $T., ALLENTOWN, PA. 
Sales Offices: New York — Chicago — San Francisco 
Canadian Mfrs Canadian Vickers, Ltd., Montreal, P.Q. 


See the Traylor display at the CHEM SHOW Booth No. 495— 
New York Coliseum—Nov. 30 to Dec. 4 
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Your new plant 
or expansion idea 


Raw materials available? 
Market available? 
Location correct? 

Capacity adequate? 
Readily financed? 
Right time to build? 


Kaiser Engineers specializes in the 
design and construction of major fa- 
cilities used throughout the Minerals 
industry, and has world-wide experi- 
ence in design of such facilities. 


Among KE’s most valued services 
are sound, searching, economic analy- 
ses, feasibility studies and site and 
market evaluations. In a word—Pre- 
Engineering—impartial, outside an- 
alysis which helps you decide whether 
to proceed with, defer or modify the 
project. 

Kaiser Engineers offers you cost- 
saving, time-saving one-company 
service from concept through start- 
up. 


KAISER ENGINEERS 


Division of Henry J. Kaiser Company 


Oakland 12, California 
Pittsburgh, Washington, D. C., Chicago, New York 


® KE projects include work in Australia, Brazil, Ghana, 
India, New Zealand, as well as Canada and the United 
States. Assignments include iron ore concentrating 
plants, cement plants, bauxite and alumina processing 


plants and diatomaceous earth facilities. 
8450 
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alysis which helps you decide whether 
to proceed with, defer or modify the 
project. 
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service from concept through start- 
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SHATTUCK DENN 
offsets rising costs with 
improved Cyanamid Reagent Combinations 


At its Humboldt, Arizona Iron King Mill, Shattuck Denn Mining 
Corporation treats 1000 tpd of a complex, fine-grained sulfide ore 
by flotation and cyanidation to recover lead, zinc, gold and silver 
plus a small amount of copper. While this is primarily a lead-zine 
operation, recovery of gold occurring in the pyrite and silver 
occurring in tennantite is important to profitable operation. 
Heads average about 50% pyrite, and contain 8-9% Zn, 2.5-3% 
Pb, in addition to gold and silver values. 


In 1942 Shattuck Denn evolved an “index of economic recovery” 
for evaluating daily metallurgical results from five pay metals 
recovered with two differential flotation operations and subse- 
quent cyanidation of the flotation tails with Arro® Brand 
Cyanide. The index compares actual returns with the theoretical 
maximum dollar return based on current metal prices, freight 
and treatment charges. 


Rising costs have compelled constant study and revision of 
reagent combinations. But, because of improved metallurgy 
and milling equipment, zinc economic return now exceeds the 
theoretical maximum economic recovery. Recently, reagent 
changes again improved metallurgy and dollar return, as re- 
ported by the Cyanamid Field Engineer working on the job 
with Shattuck-Denn metallurgists: 


“SopiuMm AEROFLOAT® Promoter has replaced potassium ethyl 
xanthate in the zinc circuit. AERoFLOAT® 208 Promoter, AERO® 
Xanthate 301 and AErno® Depressant 620 have replaced AERO® 
Promoter 404 and potassium ethyl xanthate in the lead circuit.” 


“As a result, the economic recovery index for the first six months 
of 1959 is 12.3% better than the figure for the year 1956. Particu- 
larly noteworthy is a 26%, increase in economic recovery in the 
zine circuit, due primarily to the use of SopruM AEROFLOAT 
Promoter. Reagent changes in the lead circuit have also im- 
proved lead concentrate grade and lead recovery.” 


An important part of the extra value received by users and 
prospective users of Cyanamid reagents are the services of 
Cyanamid Field Engineers backed by the Cyanamid Mining 
Chemicals Laboratory. The nearest Cyanamid Field Engineer 
will be glad to work with you in using Cyanamid reagents to 
help you try to cut costs and improve metallurgy. 
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Bali Mill 
AERO Brand Cyanide 
ZnSO, 
AEROFLOAT 208 


0.73 
0.88 
0.05 


REAGENTS, LB/TON, PRESENT 


Pb Circuit 
AERO Xanthate 301 0.05 
Cresylic Acid 0.01 


AERO Depressant 620 0.015 


Zn Circuit 
CaO 22 
CuSO, 21 
SODIUM AEROFLOAT 0.18 
Cresylic Acid 0.02 7 


Bali Mill 
AERO Brand Cyanide 
ZnSO, 

AERO Promoter 404 


0.62 
0.79 
0.04 


REAGENTS, .B/TON, PREVIOUS 


Pb Circuit 
K Bthy! Xanthate 0.02 
Cresylic Acid 0.05 
Methyl Isobuty! 
Carbinol 0.04 


Zn Circuit 


CaO 23 
CuSO, 24 
K Ethyl! Xanthate 0.25 
Cresylic Acid 0.01 


CYANANI * CYANAMID INTERNATIONAL—Mining Chemicals Department 


RESULTS 
Present,6 mos.1959 


Overall Economic Recovery 

Zinc Economic Recovery 100 
Pb Concentrate, % Pb 
Zn Concentrate, % Zn 


32.8 
56.3 


AMERICAN 


EXPLOSIVES AND MINING CHEMICALS DEPARTMENT 


3O ROCKEFELLER PLAZA, NEW YORK 20, WN. Y. 


Previous, Year 1956 


CYANAMID COMPANY 


Cable Address:—Cyanamid, New York 


- 
— 
74 
26.4 
50.4 


MOVE MORE ORE WITH 
GARDNER-DENVER “‘AIRSLUSHERS”’ 


--- power for a full 
scraper every trip 


speed for faster 
round trips 


Plenty of slushing power—high-torque, 5- 
cylinder radial air motor provides digging and 
tugging power to fill scraper on every pass. 
Easy to operate—single lever controls power 
in either direction. When lever is released, air 
motor stops—does not waste air idling. 
Stays underground—air motor and drive are 
completely enclosed to keep water and dirt 
out ... oil in. Parts are designed to deliver 
maximum service with little maintenance. 
No clutch facings to wear—simple roller 
clutch automatically and instantaneously en- 
gages one drum and releases the other as 
throttle is reversed. 
Only three points to oil—air motor, gear 
train and throttle valve. 

Move more muck with the finest of slusher 
hoists—Gardner-Denver “ Airslushers.”” Write 
for details. 


CALL THE GARDNER-DENVER MAN 


Your Gardner-Denver mining equipment 
specialist is trained to assist in drilling and 
mucking problems . . . to help keep your 
Gardner-Denver equipment in tiptop shape. 
At Gardner-Denver there’s no substitute for 
men—our 100-year philosophy of growth. 


3 EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW 


GARDNER - DENYWER 


Gardner-Denver Company, Quincy, Illinois 
Export Division, 233 Broadway, New York 7, New York 
In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario 
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REPLACEMENT 


OF CAPITAL 
EQUIPMENT 


What happens when a piece of capital equipment must be replaced and 
there is no systematic method of selection? Answer: Generally, hurry-up 
purchase of equipment which may later be found unsuitable. 

Here is how New York Trap Rock efficiently schedules its replacements. 


by HENRY J. SCHWELLENBACH 


ack of a system in scheduling the replacement of 
L capital equipment can result in emergency pur- 
chases of units which may later be found unsuitable 
for the job. New York Trap Rock Corp., which pro- 
duces crushed stone for use as construction aggre- 
gate, was faced with just such a situation some 
years ago. The company replaced capital equipment 
only when machinery in use was no longer service- 
able, or when there was an obvious need for differ- 
ent equipment. Operating and maintenance costs 
were generally neglected because an efficient method 
was lacking. 

New York Trap Rock has four plants located 
along the Hudson River, all within 70 miles of New 
York City. Crushed stone output—6 million tons a 
year—is moved to markets in metropolitan New 
York, New Jersey, and Long Island areas by water 
transport. Customers are contractors with ready-mix 
concrete and asphalt plants located on the water. 

A few years ago, when it became apparent that 
a systematic method of capital equipment replace- 
ment was needed, the company began to evaluate 


H. J. SCHWELLENBACH is Production Manager, New York Trap 
Rock Corp., West Nyack, N. Y. 


several systems. An individualized plan was evolved 
from the basic pattern developed by the Machinery 
and Allied Products Institute. 

The system is as satisfactory as it is simple. When 
anyone suggests that a machine or method requires 
replacement or change, a committee composed of 
the production manager, maintenance supervisor, 
and chief engineer determines the particular type of 
equipment best suited for the job. The purchasing 
department is then requested to contact suppliers 
for consultation and quotations. 

Using these quotations as a basis, a detailed 
analysis is made. If the financial return is too low, 
the committee will concentrate on the merits of a 
substitute solution, whether it be some other piece 
of equipment or alteration of present equipment. If 
the analysis shows a high enough financial return, a 
request to purchase the equipment is submitted to 
the expenditures committee. 

Basically, the Machinery and Allied Products 
Institute formula makes a comparison between the 
next year’s estimated operating costs of present 
equipment and the estimated operating cost of pro- 
posed equipment. To this analysis is then added the 
difference between the costs of continuing owner- 
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EQUIPMENT OR METHOD ANALYSIS 


Plant Haverstraw 
Subject of Analysis 


Project No. 
Electric Shovel 


Analysis No. H-2 
Date of Request 


Date July 1957 


August 2, 1957 


PRESENT EQUIPMENT 
Description 4-cu yd electric shovel 


P.O.No. H-628 
Salvage Value 82,000 Salvage Ratio .033 


PROPOSED EQUIPMENT 
5-ceu yd electric shovel 
Cost of Installation 


Cost of Installation 
Cost of Installation 


Description 
Source 
Cost of Unit $200,235 
Costof Unit ————- 
Cost of Unit 


Total Installed Cost $217,387 


$17,152 


NEXT YEAR'S OPERATIONAL DIFFERENCES 


Increased production @ 80¢ per unit 


Operating labor 

Operating supplies (except fuel or power) 
Fuel or electric power 

Maintenance labor 

Maintenance supplies 

Fringe benefits 20 pet of (8 + 11) 


PRESENT EQUIPMENT 


Amount Advantage 


$2,210 


PROPOSED EQUIPMENT 


Advantage 
320 


Special repairs 
Other (explain—other side) 
TOTALS 


“2.210 


PRESENT EQUIPMENT 


Next year's salvage loss 
Interest @ 10 pct x salvage value 
Restorative repairs 
Years effective 
Next year’s proration 
Interest @ 10 pet x line 19 
Next year’s capital cost 
Next year’s operating disadvantage 
(line 16) 
OTAL 


PROPOSED EQUIPMENT 


Installed cost 

Estimated service life 
Estimated salvage value 
Salvage ratio (line 28 + line 26) 
MAPI chart 

Interest 

Total percent x installed cost 
(Next year’s capital cost) 


Next year's gain from replacement $189,895 


Trap Rock’s forms for replacement analysis 


and periodic appraisal of new equipment in use 


ANNUAL FOLLOW UP—CAPITAL EXPENDITURE* 


Plant Haverstraw Project No. P-65 
Brief description of project; Replacement of 4-cu yd electric shovel with a 5-cu yd machine 
Purchase order H-1842 Date Installed October 1957 


Analysis Factors 
Actual 


$24,510 


Analysis No. 


Work order 


Variation 


Operating labor 
Maintenance labor 
Fringe benefits @ 20 pet 
Operating supplies 300 87 
Fuel or electric power 2,735 
Maintenance supplies 1,913 
Special repairs 
Total operating cost 4,141 
Increased production @ -80 per unit 59,568 
Operating hours 

Units produced or handled 


$5,715 
3,021 
538 


142,032 
1,614 


486 
500,016 yd 171,984 yd 


Variation 


Installed cost 

The year’s operating 

The year’s capital cost 

Gain from replacement 189,895 66 62,629 
General cc averaged 310 yd per hr compared to estimate of 320 yd per hr. Build-up of two buckets and 
trials of new type dienes teeth account for higher maintenance cost. Decrease in hours due to reduced production demand. 
Prepared by: J.B. Da December 16, 1958 


* To be submitted first & second year after installation. 


217,387 
213,390 
33,695 


5,346 
61,899 
830 


ts: New hi 
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3. 
4. 
5. 
6. 
Amount i 
per hr 
8. $30,225 $30,225 
9. 300 - 300 
10. 4,560 6,770 
11. 6,000 — 1,000 5,000 
12. 10,000 2,000 8,000 
13. 7,200 6,200 1,000 
16. —— 215,600 
op 
17, 26. $217,387 
18. $200 27. 25 years ps 
19. 50,000 28. $3,200 
20. 10 29. 014 ; 
21. 5,000 30. 5.5% 
22. 5,000 31. 10% 
23. 10,200 32. Halen 
24. $33,695 a 
213,390 
25. $228,590 
Cale.by J.B. Appr. by J.R.K. 
5-65 
Estimated 
Estimated Actual 
: 


ship of existing equipment and of 
acquiring proposed equipment. For 
present equipment, consideration 
is given such items as restorative 
repairs, salvage value, salvage- 


CHART FOR DERIVING NEXT YEAR’S CAPITAL COST 
FOR PROPOSED EQUIPMENT 


By THE MAPI FORMULA 


value loss, and interest or cost of 


money. For proposed equipment, 


INSTRUCTIONS 


. RUN OUT HORIZONTAL AXIS 


the concentration is on actual de- 


preciation (as opposed to either 


TO ESTIMATED SERVICE LIFE 


. ASCEND ORDINATE TO POINT 


book or tax depreciation), cost of 


REPRESENTING TERMINAL 


money, and anticipated salvage 


SALVAGE RATIO 


value. 


. READ POINT OPPOSITE ON 


VERTICAL SCALE 


An explanation of the theory 


. ADD INTEREST RATE TO SCALE 


used in the Machinery and Allied 


READING 


Products Institute method of anal- 


5. APPLY SUM AS PERCENTAGE 


ysis can be found in the reference 


OF PROPOSED EQUIPMENT 


material and will be omitted here. 


INSTALLED COST 


The following details New York 


RESULT IS NEXT YEAR’S 


Trap Rock’s use of the forms and 


CAPITAL COST 


shows the results obtained. 


The accompanying copy of the - 


analysis form used by the com- 


pany is a typical analysis of an 


electric shovel replacement. 


The title portion of the form is 


important for future reference and 


record keeping. Descriptions of 


present equipment and proposed 


equipment can be as complete as 


necessary. Salvage value of pres- 


ent equipment is usually estimated. 


Salvage ratio is the salvage value 


divided by the original installed 


cost. For proposed equipment the 


total purchase price of the equip- 


ment and its installation cost make 


up the total installed cost. 


The second part of the analysis 


J 


shows the next year’s operational 
differences between the present 
and proposed equipment. This 
compares all operating and maintenance costs and 
indicates the financial advantage of either the pres- 
ent or proposed equipment. The value of any in- 
crease or decrease in production should also be 
included in this calculation. Total advantage of pro- 
posed equipment minus total advantage of present 
equipment represents the operating disadvantage of 
retaining the present equipment next year. If this 
proves to be a negative figure the analysis should 
stop at this point unless other factors must be con- 
sidered. 

The third part of the analysis calls for calculation 
of the total cost of operating the present equipment 
for the next year if the equipment is not replaced. 
Included are: the difference between present sal- 
vage value and salvage value one year later; the 
amount of interest that could be earned on money 
realized from sale of the equipment if restorative 
repairs are necessary; and, the interest on that 
money, as well as the amortization of the principal, 
for the first year. The total of these amounts, to- 
gether with the next year’s operating disadvantage 
of the equipment, represents the potential cost of 
retaining and using this equipment. 

The fourth part of the analysis form requires 
calculating the next year’s cost of owning the pro- 
posed equipment. The estimated salvage value 
divided by the installed cost gives the salvage ratio 
for the new equipment. 
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Using a chart which is a graphic approximation of 
the formula developed by the Machinery and Allied 
Products Institute (see illustration), a percentage 
figure is obtained. This figure, together with the 
interest rate used by the company for the cost of 
money, is applied against the installed cost of the 
proposed equipment. The result is the next year’s 
cost of ownership of the proposed equipment. 

The difference between the potential cost of re- 
taining and using the present equipment and the 
next year’s cost of ownership of the proposed 
equipment is the next year’s gain from replacement. 
This gain in relation to the installed cost indicates 
to the expenditures committee the priority of the 
approved expenditure. 

At regular intervals, follow-up analyses are made 
to compare actual operating and capital costs with 
the estimates used in the original analysis. The first 
annual follow-up sheet for the shovel replacement 
is also shown in an accompanying illustration. 

While there are many viewpoints on the matter 
of equipment replacement, New York Trap Rock 
feels the adopted approach evaluates all the factors 
necessary for sound decisions. 
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Paley Report Series—No. 3 


COPPER, LEAD, AND ZINC— 


Another analysis of the forecasts made by the 
President's Materials Policy Commission in 1952. 


ttempting to analyze a 25-year forecast after less 

than a third of the time has elapsed may seem 
premature. The President’s Materials Policy Com- 
mission’s report necessarily painted with a broad 
brush and made no claim for pinpoint accuracy in 
its predictions. More importantly for present pur- 
poses, it made no attempt to predict the detailed 
courses of production and consumption during the 
period forecasted. Several statistical highs and lows 
may very well lie between now and 1957, so compar- 
ing recent figures with points taken from the report 
on a straight-line basis would be illogical. More- 
over, the report assumed that the general trend of 
consumption—domestic and foreign—would be up- 
ward. Contrarily, domestic figures were lower in 
1957 than in 1950. Therefore, to project curves from 
1950 through 1957 leads to conclusions that are 
probably false. Many in the industry would feel 
more uncertain about forecasting 1975 domestic 
conditions now than they would have been in 1950, 
even though nearly a third of the 25 years has 
elapsed. 

In making comparisons, several statistical prob- 
lems are encountered. The Paley report figures for 
1950 were estimated in several cases and corrected 
figures vary as much as 10 pct. For example, the 
report placed 1950 lead consumption at 800,000 tons, 
whereas actual consumption was 885,000 tons. Ob- 
viously, in comparing more recent figures with the 
report’s projections, adjustments must be made for 
positions taken in error from the start. Over the 
long pull, such discrepancies will probably be in- 
significant, but they must be noted in comparing 
short-term changes. 

Domestic metal consumption in 1957 dropped 
sharply from the peak year 1955. On the other hand, 
Free World consumption outside the U. S. was up- 
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ward, both from 1950 and from 1955 to 1957. To 
obtain projections that partly modify the 1957 ex- 
tremes, the accompanying table projects from 1950 
—through mean averages of 1955 to 1957—into 1957. 
These projections are compared percentage-wise 
with adjusted PMPC projections. 

From the table it may be seen that the PMPC re- 
port overrated U. S. consumption and greatly under- 
rated consumption elsewhere in the Free World. 
Because these two areas moved in opposite direc- 
tions, the error is less for the Free World as a whole. 
Again, making comparisons with straight-line inter- 
polations of the PMPC figures is not logical. How- 
ever, if we can presume that the recent depressed 
domestic consumption is abnormal, we can deduce 
that total Free-World consumption is likely to ex- 
ceed the estimates of the PMPC report. Lead may 
be an exception. 

As for domestic production, copper output has 
climbed higher than the report anticipated. The ex- 
pected decline in lead production to 350,000 tons was 
realized in 1957, but this sharp decline was due to 
recession conditions. Some increase in zinc produc- 
tion was expected. An upward trend did exist in the 
first three years, but low prices from world over- 
production and recession conditions in 1957 brought 
production well below that of 1950. 

The Paley report depicted copper, lead, and zinc 
as metals that would continue to be scarce. Broad 
substitutions were therefore anticipated for copper 
and zinc. Less substitution was expected for lead 
on the grounds that it had already been reduced to 
its more essential use. But instead of scarcity we 
have overabundance, low prices, and cutbacks in 
production. 

The report itself contributed importantly toward 
the present abundance. The adverse attitude to the 
report so evident among nonferrous mining men did 
not prevent them from using the report’s general 
portrayal of impending scarcity to justify large ex- 
penditures for development of new mines. Expan- 
sions thus justified, and supported by easy credit 
from Government agencies, have had much to do 
with the present abundance. High metal prices in 
the early 50s also encouraged expansion, but the 
PMPC report helped create the attitudes that pushed 
prices to these levels. 
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PREDICTIONS AND EXPERIENCE 


The next 25 or even 50 years will probably dem- 
onstrate that the word scarcity was unrealistic. As 
the better mines are depleted, prices will rise, unless 
improved methods reduce costs or substitutions are 
made. Scarcity will not be evident until consumers 
cannot find effective substitutes. It is very difficult 
to say what price consumers will pay for things 
they must have. Also, substitutes for copper, lead, 
and zinc in all present major uses are already avail- 
able, at moderate increases in cost. Lead in storage 
batteries is probably the most difficult metal to re- 
place, nickel and cadmium being less abundant than 
lead. However, battery use permits almost complete 
lead reclamation. Lead, cadmium, or nickel prices 
of even $10 per lb would not drive storage batteries 
out of common use, if an effective substitute could 
not be found. 

In terms of present concepts, the Paley report 
overdrew the raw-material needs of wartime by 
embracing the traditional idea that war would 
greatly increase requirements. It now appears that 
major war, if it occurs, will destroy consuming 
capacity more than raw-material production. War 
would thus tend to create oversupplies of raw ma- 
terial by greatly shrinking markets. The wreckage 
of cities would also provide large quantities of 
scrap metal. The failure to anticipate this new mil- 
itary outlook was universal during the early 50s, so 
the PMPC can hardly be criticized on this count. 

The commission was correct in anticipating con- 
tinued drives for price and market stabilization. It 


perceived that tariff increases were unsuitable to 
the U. S. both in its position as a large importer and 
to its status as leader of the Free World. Domestic 
nonferrous metal producers took an opposite view, 
sponsoring tariff increases. This position proved to 
be anachronistic when Congress scuttled tariff in- 
creases for lead and zinc despite Administration and 
Tariff Commission endorsement. The PMPC recom- 
mended stabilization measures through international 
agreement, possibly supplemented by buffer stocks. 
Recent history suggests that sooner or later com- 
modity markets will be stabilized through interna- 
tional agreements. The sources of market volatility 
in copper, lead, and zinc are international. Any uni- 
lateral attempt to control markets not only fails to 
reach the sources of trouble but offends nations 
whose raw materials and good will the U. S. can- 
not afford to lose. Although the U. S. recently set 
up quotas on lead and zinc, this was done under ex- 
treme political pressure during an election campaign 
and in expectation that an international accord 
would be reached. If no such agreement is obtain- 
able, the feasibility of the unilateral quota arrange- 
ment is questionable. 

Abundance and reduced consumption of copper, 
lead, and zinc in depressed years tend to put the 
forecasts of the PMPC in a bad light, but if we were 
riding a boom, we would probably find the report 
defective for opposite reasons. On balance, the com- 
mission probably underrated the economic growth of 
the Free World and overdrew the bogie of scarcity. 


U. S. and Free World Consumption of Copper, Lead, and Zinc, 1950 to 1957 


Consumption 1950 


Copper, Thousands of Pounds 
U.S., Primary 
Free World, Primary, except U.S. 
Free-World Total 


Lead, Thousands of Pounds 
US., Primary 
Free World, Primary, except U.S. 
Free-World Total 


Zine, Thousands of Pounds 
U.S., Primary 
Free World, Primary, except U.S. 
Free-World Total 


OCTOBER 1959, MINING ENGINEERING—1007 


4 
by EVAN JUST 
1955 to Projected Error, 
ee 1254 1290 1170 1230 1226 14 
1300 1620 2090 1850 
2554 2910 3260 3080 3190 -9 
885 810 703 756 725 38 
a 1779 1981 1919 1949 1955 6 ‘ 
eos ‘ 967 1120 924 1022 1031 4 
, oe 980 1362 1424 1393 1462 -13 
ees fs 1947 2482 2348 2415 2493 -5 


STOCKPILING 


Stockpiling is important to all segments of our economy, but it is a term that 
means many things to many people. To industry it means piles for reserve 


by L. O. MILLARD 


e PURPOSES 
METHODS 
e TOOLS 


supply over the winter, insurance against strikes and shipping delays, use 


tockpiles in the minerals industries serve a wide 
variety of purposes. Usually they are for surge 
between stages of processing, for a dependable plant 
feed in anticipation of delays, or to provide for 
single or double shift mining in conjunction with 
round-the-clock milling. Often surge piles are nec- 
essary to insure a uniform feed to continuous pro- 
cess equipment where the material is received as an 
intermittent or variable flow. 

Extensive use is made of stockpiling for the 
primary purpose of blending. 

The significant fact about all stockpiling of bulk 
materials is that storing and reclaiming are two 
separate and distinct operations and they may 
present widely different problems in the selection 
of methods and tools. 

Among the most important factors affecting 
selection of methods and tools are: a) the material 
to be stored, b) the quantity required in the stock- 
pile, c) the height of pile, d) the time in storage, 
e) the rate of turnover, f) the rates at which mate- 
rial is stored and reclaimed, and g) the influence of 
climate and weather. 

Materials to be Stored: The physical and chemical 
characteristics of the materials have a dominant in- 
fluence on design. Size and percentage of lumps 
often determine the type and size of equipment and 
feed openings, regardless of capacity requirements. 
Segregation increases for wider size ranges and with 
the height of pile. Other inherent characteristics, 
such as weight and abrasiveness, affect design and 
maintenance costs of equipment. 

The flowability of materials or their resistance to 
flow due to sluggishness or packing are often un- 
important in storing, but usually determine the 
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as surge at various production stages, or inventory of finished products. 


basic method of reclaiming. Free flowing materials 
may be reclaimed economically at all capacities by 
means of gates and relatively simple feeders to tun- 
nel belt conveyors. Sluggish materials may require 
more expensive feeders and tunnel construction, or 
may not be suited to tunnel reclaiming. In extreme 
cases it may be necessary to practically remine them 
from the stockpile. 

The angle of repose of the material as it is piled 
influences the area required. For tunnel reclaiming 
methods, on the other hand, the amount of live 
storage is governed by the angle of repose as mate- 
rial is withdrawn, which may be quite different 
from the storing angle. Also, when shovels are used 
for reclaiming, the reclaiming angle may limit the 
height of pile as a safety precaution against ava- 
lanching slides. 

Size degradation occurs to some extent to all 
materials as they are stored and reclaimed. Where 
the value or usefulness of a product is reduced by 
excessive degradation, intriguing design problems 
are involved in reducing drop and impact at transfer. 

Materials affected by time, climate, or weather 
must receive particularly careful consideration. 

Dust may be objectionable in some localities, and 
wind and erosion can result in substantial losses. 

Quantity to be Stored: The quantity to be stored 
must be calculated by a careful analysis of all fac- 
tors. Where ample space is available, piles can be 
arranged for most economical use of equipment. 
Where the area is limited, its size and shape and the 
resulting height of the pile will influence equipment 
selection. 

When material is to be reclaimed through tun- 
nels, it is necessary to consider the percentages of 
live and dead storage, as well as the method, fre- 
quency, and cost of reclaiming dead storage. 
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Height of Pile: Height provides an obvious means 
for increasing tonnage in stockpiles with relatively 
broad bases. However, height is often limited by 
soil conditions, nearness to a dock, characteristics of 
the material, and, occasionally, cost and power re- 
quired for the equipment. Danger of slides must also 
be considered when using shovels. 

Time in Storage: Prolonged time in storage may 
cause spontaneous combustion, wind or erosion 
losses, freezing, packing, cementing, and leaching 
or other chemical deterioration. 

In some surge piles, storing and reclaiming may 
occur simultaneously most of the time. A stockpile 
which serves as insurance against strikes or trans- 
portation delays may remain with few major fluc- 
tuations for months—possibly part of it for years. 
When piles are turned over continuously or fre- 
quently, high equipment cost can usually be justified 
to produce lower operating cost and dependability. 
Where turnover of large stockpiles is infrequent, it 
is often more economical to keep capital cost of 
equipment low, even though costs are high during 
the brief periods when material is being handled. 

Rates of Storing and Reclaiming: These rates de- 
pend upon the purpose and economics of the opera- 
tion. To assure minimum dock time of large, ex- 
pensive vessels, they must be loaded and unloaded 
at extremely high rates. Surge piles for sustaining 
these rates are built up or reclaimed at much lower 
rates. 

Stockpiling can cut transportation costs when ma- 
terials are received intermittently—from railroad 
cars or from trucks operating only one shift a day— 
but consumed or processed continuously. By con- 
trast, some plant surge piles may be stored and re- 
claimed at virtually the same rate, with the pile 
providing a balance between the two operations. 

Effect of Weather: Effects of weather on the mate- 
rial may include freezing, packing, hardening, leach- 
ing, dust losses, or erosion of the pile. All of these 
require careful consideration of material character- 
istics, seasons, time required to store and reclaim, 
and maximum time in storage. 

Methods and tools for both storing and reclaiming 
depend upon weather, but for reclaiming both are 
also influenced by the condition of the material when 
it is to be used. It may be necessary to shoot or rip 
crusts of frozen material and crush the frozen lumps. 
Materials that are packed hard or cemented may 
also present problems of extraction. 

The influence of these basic factors in various 
combinations as they affect the methods and equip- 
ment of stockpiling can best be illustrated by con- 
sidering a few existing installations. 


At this public utility power plant, coal is received 
during the Great Lakes navigation season either in 
self-unloading boats or conventional bulk carrier 
vessels. The stockpile must contain enough coal for 
the four or five months that lake navigation is 
closed and also hold a reserve for possible strikes 
and transportation delays. It also provides surge 
between vessel arrivals. 

Self-unloading boats discharge at 1800 tph into 
a stationary hopper on the dock. Bulk vessels are 
unloaded by a grab bucket tower at 1200 tph. In 
either case, coal is conveyed to a traveling belt con- 
veyor stacker with a boom long enough to deliver 
the coal to a narrow initial surge pile parallel with 
the main conveyor. From this surge pile, conven- 
tional earthmoving equipment distributes it to a 


large reserve storage pile as convenient. At the same 
time, the coal is layered and compacted to reduce 
the hazard of spontaneous combustion. The flow of 
coal may be split in the stacker and part of it then 
proceeds to the crushing station and plant. 

Reclaiming may be accomplished by either or 
both of two methods. A grab bucket tower, traveling 
on the stacker tracks, is available for reclaiming 
600 tph to the main belt. Also, a ground level re- 
claiming hopper at the inshore end of the pile is 
equipped with a feeder and belt conveyor for mov- 
ing 600 tph to the crushing station. In both cases, 
earthmoving equipment is used to dig and transport 
the coal to surge piles above the hopper and within 
reach of the grab-bucket tower. 

Although substantial investment in unloading and 
conveying equipment was necessary for the high 
unloading rates, added capital cost for stockpiling 
equipment is relatively low. Both expenditures are 
justified by the lower cost of water-borne coal, the 
need for a dependable fuel reserve, and anticipated 
expansion. 


At this St. Lawrence River plant, where titanium 
ore is concentrated, treated and smelted, seasonal 
water transportation requires extensive stockpiling 
of ore and coal for consumption during the winter 
when the river is closed. Both materials are un- 
loaded from ships and are conveyed to the plant, or 
to their respective stockpiles by the same belt con- 
veyor system. In each case the material is delivered 
by a short-boom stacker to surge piles along the 


Fine, free-flowing smelter product is protected from 
weather by stockpiling in op tere shown at upper 
right center. Reclaiming is by tunnel feeders and 
conveyor system. 
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main conveyor. From the piles it is recast to stock- 
pile with a crawler-mounted grab-bucket crane. 
Dozers assist in distribution, but it is not necessary 
to carefully layer and compact the coal due to its 
analysis and the relatively brief storage period. 
Reclaiming during the rigorous winters is difficult 


and requires considerable overtime, but these peak 
operating costs are justified. 

Cost of unloading equipment was high due to the 
required unloading rate, but the added capital cost 
of stockpiling equipment is relatively low. 


This Canadian coal dock’s stockpiles are built up 
at the rate of 650 tph by a belt conveyor stacker 
which travels the length of the 1720-ft belt con- 
veyor. It is equipped with a 150-ft-radius, hinged 
rotating boom belt which enables it to discharge to 
either side of the conveyor. 


The hinged boom belt may be lowered as a means 
of reducing degradation. Segregation is greatly 
minimized by depositing the coal in shallow wind- 
rows. A high degree of blending can be accomplished 
by bedding these shallow windrows from one end 
of the pile to the other as the stacker travels. 


An extremely flexible system for stockpiling and 
blending as many as four different grades is found 
at this Utah iron ore mine. Ore is dumped by trucks 
at the crusher house, from which it is conveyed to 
the screening tower at the rate of 1000 tph. From 
this tower one size can be conveyed directly to the 
carloading pocket, or all sizes may be stockpiled by 
two distributing conveyors and their belt conveyor 
stackers. 

Since the ore is relatively dry and free-flowing, 
it is reclaimed to the tunnel reclaiming belts at up 
to 1500 tph by variable-speed, traveling, reciprocat- 
ing feeders below the tunnel gates. 


Storage space for raw materials at a large Eastern 
steel mill was formerly limited to a stockyard be- 
tween blast furnaces and a dock beside the ship 
canal, With greatly expanded operations and an 
increased variety of iron-bearing burden materials, 
the area became totally inadequate for containing 
reserves during the winter period when the canal 
was closed to navigation. 

Their problem was solved by stockpiling on a 
greatly increased scale in an available space beyond 
the mill area. Ore, pellets, or limestone from the 
vessels may now be unloaded directly into the old 
stockyard or conveyed at 6000 tph either to the 
screenhouse ahead of blast furnace stock bins, or 
transported to the new storage area over a belt con- 
veyor system at 6000 tph. As needed, they are re- 
turned to the screening plant over the same system. 
Coal is conveyed directly to the new stockpile area. 
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The original blast furnace stockyard was confined 
between the bridge runways. With the new system, 
ore is unloaded from the ships to the belt conveyor 
at dockside, or coal may be delivered directly from 
the booms of self-unloading boats to the traveling 
receiving hopper shown above the conveyor in the 
left center of the photo at right. 

In the new stockpiling area, materials are dis- 
charged from the belt conveyor by means of a trav- 
eling stacker which builds an initial surge pile of 
coal (see photo below), from which it is distributed 
to the principal stockpile by mobile earthmoving 
equipment. Pellets, iron ore, or limestone may also 
be deposited in a similar surge pile (on left) for 
recasting by the bucket type bridge. 

The ore, pellets, and limestone are also reclaimed 
by the bridge to a traveling hopper and feeder to 
the same belt conveyor of 2100 ft centers and re- 
turned to the screening plant. The coal is reclaimed 
by earthmovers and conveyed to the coke plant on 
another belt conveyor system. 


The shipping season is a primary 
consideration at this Lake Superior 
dock where commercial coal is re- 
ceived in Great Lakes vessels dur- 
ing the summer, and reclaimed and 
trans-shipped largely during the 
winter. A few years ago two very 
old traveling bucket bridges were 
equipped with belt conveyors to 
provide for broad, economical dis- 
tribution to stockpiles. Coal is un- 
loaded by bucket unloaders and 
conveyed by a main-line conveyor 
serving either bridge. In this case, 
size degradation of the coal is not 
important. 

The coal is reclaimed by the 
existing bridge buckets, at lower 
rates, intermittently as needed. 
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The arrangement illustrated is characteristic of 
aggregates plants which must stockpile great quan- 
tities and varieties of finished inventory. In the case 


of this Minnesota yard, washed and sized sand and 
gravel are delivered by river barge. Radial stackers, 
useful tools for stockpiling, are employed. 

This particular stacker is equipped with a 24-in. 
wide belt with 143 ft centers. It represents relatively 
low capital cost for the amount of material placed 
in storage. Since each of the two stackers at this in- 


stallation swings in a 240° arc, the stockpile is many 
times larger than can be produced by a stationary 
stacker of the same size. Similar units have been 
used on a substantially larger scale, and the receiv- 
ing ends of some are mounted on tall sub-structures 
when a high pile is not objectionable. 

Due to the free-flowing characteristics of sized 
aggregates, they may be reclaimed to belt conveyors 


by means of simple gates through low cost tunnel 
structures without the use of feeders. 


Copper ore from a western mine is handled at the 
rate of 26,000 tpd by a series of belt conveyors. 
The ore is stored in a 35,000-ton stockpile or in a 
§000-ton ore bin from which the ore is loaded into 
railroad cars. This system is extremely flexible, per- 
mitting mine ore to be discharged into open stock- 
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pile or to be transferred by shuttle belt conveyor 
to a horizontal belt conveyor leading in turn to the 
conveyor which travels over the ore bins. Four 
heavy-duty apron feeders beneath the storage pile 
reclaim to an inclined belt which also carries the 
ore to the conveyor above the ore bin. This conveyor, 
which is equipped with a self-propelled traveling 
tripper, can receive from both conveyors simulta- 
neously. 

The bins are arranged for loading ore out on two 
tracks at the same time. 


Iron ore is stockpiled on a tremendous scale at one 
Venezuelan port to provide a surge between rail- 
road cars from the mine and shiploading. The port 


is 178 miles up the Orinoco River, and the mine is 
another 90 miles inland. It loads the world’s largest 
dry cargo vessels—up to 60,000 tons dead weight. 
Ore from the cars is dumped in a rotary dumper at 
the rate of 67 cars per hr. After primary and sec- 
ondary crushing, it is conveyed to storage and dis- 
charged onto an 80-ft-high storage pile by a belt 
conveyor tripper on a traveling bridge with 400-ft 
span. The ore is reclaimed from stockpile at the rate 
of 6000 tph by four rotary plow feeders in two 
tunnels beneath the stockpile. The ships are loaded 
by a self-propelled traveling shiploader designed to 
handle both large and small ocean vessels at any 
time of the year, despite an annual 39-ft rise and fall 
of river level. 

During early stages of this operation, sufficient 
surge was available by withdrawing live storage 
from the pile without depending on auxiliary means 
for reclaiming dead storage—of which there re- 
mained a high percentage. When the shipping rate 
increased beyond 12 to 15 million tons annually, 
additional useable surge was made available by two 
improvements. 


1) A traveling drag scraper was installed to 
recast dead storage over the tunnels so that the ore 
could be reclaimed by the tunnel’s rotary feeders at 
the 6000-tph rate. The scraper has its traveling 
towers mounted on separate rails outside the bridge 
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Effectiveness of the rotary plow feeders is shown in this 
aerial view taken when equipment was first installed. 


2) The pile was extended to provide more over- 
all surge capacity, and the dock was extended to 
dispatch vessels more rapidly. 

The rotary blades of the tunnel feeder plow the 
ore from a horizontal shelf beneath the trough 
through a feed opening which runs the full length 
of the tunnel. The feeder travels back and forth, 
plowing ore from the shelf onto a transfer belt 
conveyor which also travels through the tunnel. A 
reclaim belt conveyor carries the iron ore from each 
tunnel, transferring it onto the main belt conveyor 
leading to the dock. 


View within reclaiming tunnel shows ore settled on shelf. 
Note traveling rotary plow feeder and the reclaim belt. 


The rotary plow feeder has a number of advan- 
tages over other devices for withdrawing materials 
with a tendency to pack and arch over rectangular 
openings. The feed opening is continuous for the en- 
tire length of the tunnel, offering less support for 
arching than rectangular feed openings. Arch sup- 
port is largely undercut by rotating blades, as the 
entire feeder travels beneath material that has 
arched solidly above the cutting range of the rotor 
blades. Each feeder is interlocked with the master 
control of the reclaiming system, and its functions 
are controlled by the shiploader operator. 


In Northern Minnesota where the temperature 
sometimes drops to—45°F and the winds sometimes 
exceed 100 mph, one company has an enormous 
stockpiling system required for winter storage of 
taconite pellets. The pellets are produced in a pel- 
letizing plant near the orebody, and then shipped 
by rail 74 miles to a port on Lake Superior. The 
plant operates 24 hr a day, 12 months a year, but 


at full plant capacity. 


pellets can be shipped to the harbor only during the 
Great Lakes navigation season—about seven months 
a year. 

In the summer, taconite pellets are conveyed from 
the pelletizing plant to the 800-ton surge bin of a 
car pocket. During normal operation, the car pocket 
is designed to load 85-gross-ton cars on one track 
When more pellets are 
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delivered than the surge bin can handle the flow can 
be diverted to an emergency belt conveyor which 
conveys the pellets to a temporary stockpile of about 
13,000 tons. 

In the winter, when all plant production must be 
stockpiled, the car pocket is bypassed. Flow from 
plant conveyors is routed to a large traveling 
stacker via a cross conveyor and trailing conveyor. 

This unit is believed to be the world’s largest 
traveling belt conveyor stacker. It has a 275-ft 
radius boom. Overall length, from tip of belt boom 
to end of counterweight boom, is 416 ft. The stacker 
will build a stockpile 90 ft high, and more than 4 
million tons of pellets will be stored in an area 800 
ft wide at the base and 1300 ft long. 

The stacker is mounted in eight four-wheel trucks 
which move over a pair of 6-ft gage ballasted sec- 
tional tracks on 60-ft centers. The trailing con- 
veyor, on about 1400-ft centers, is moved by a draw 
bar from the stacker under-carriage, advancing and 
retreating with the stacker. 

The stacker moves out to a point where discharge 
from the boom is at the edge limits of the storage 
yard. The boom builds the pile to its maximum 
height and slowly retreats, describing an arc as it 
beds the material in windrows. The stacker retreats 
about 7 ft per day, and its tracks can be removed to 
facilitate later reclaiming with shovels. 

From the stockpiling standpoint, the port facility 
on Lake Superior is equally interesting. It provides 
the surge between rail transportation from plant 
and vessels serving lower lakes steel plants. This is 
a 1200-ft dock with a railroad trestle and about 
100,000-gross-ton dock storage bins, together with 
25 pushbutton-operated shuttle belt conveyors, 
which can load two ore boats simultaneously. 
Taconite pellets flow from railroad cars into the 
storage bins and then to reciprocating feeders and 
shuttle belt conveyors which are positioned over 
alternate hatches of the ore vessel. Each shuttle belt 
can load and trim either 750 or 1500 tph. to lake 
vessels, 

The pellets are stored in bulkhead type surge 
bins. Four 96-car trains move to the harbor daily. 
They run over a trestle above the storage bins, and 
the pellets are dumped from special dropbottom cars 
without uncoupling. 

The method of loading boats and the arrangement 
of the loading system at the dock are quite simple, 
yet the magnitude of the operation created unusual 
problems of control and communication. 

Functions of feeding, conveying, advancing, re- 
treating, and weighing are controlled separately for 
each conveyor from one of two control towers on the 
dock. Construction and location afford the operator 
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an unrestricted view of the loading operations but 
he is also equipped with measuring gages for control. 

Controls for a bank of 12 conveyors are grouped 
in one operating tower, those for the remaining 13 
in the other. This provides for one bank of conveyors 
for each vessel, making it possible for one operator 
to load and trim up to 13 alternate hatches at one 
time. 


One of the most complex bulk storage facilities 
has recently been put in operation on the lower 
Mississippi river. This is a public marine terminal 
designed to receive bulk materials from ocean ves- 
sels or barges and to ship out to similar carriers. 


The dock has a rated annual capacity of 4 million 
tons and facilities for handling numerous types of 


bulk materials, including bauxite, caustic soda, 
alumina, phosphate, coal, iron ore, manganese ore, 
and chrome ore. Bauxite is delivered to a 500-ton 
surge bin, then to a crusher building. The dried 
bauxite is stored under cover (see low building at 
far right) and is subsequently reclaimed to an alu- 
mina plant (center background). The  alu- 
mina is conveyed to boat-loading facilities by the 
gallery, shown at upper left in the photo. The cross 
conveyor in the center of the picture has a tripper 
for stockpiling bulk materials suitable for storage 
in the open area beneath the conveyor. 


Stockpiling in some form is required in almost 
every industry extracting and processing bulk ma- 
terials. Problems result from infinite combinations 
of basic design and operational factors. Selection 
of methods and tocls for stockpiling should be based 
on experience sufficiently broad to anticipate the 
effects of these combined factors. Often, successful 
solutions in one industry may, with appropriate 
modification, be applied to another industry. Best 
results are obtained by close cooperation between 
engineering and operating departments of both 
user and manufacturer of stockpiling equipment. 


~ 
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SELF-FLUXING SINTER 


by THOMAS E. BAN, CHARLES D. THOMPSON, ond CHARLES A. CZAKO 


ontinuous sintering—a metallurgical process for 

more than 50 years—has broadened from its or- 
igin in nonferrous metallurgy to present-day appli- 
cations in ferrous, chemical, and nonmetallic fields. 

During the past year, self-fluxing sinter produc- 
tion has been a subject of active interest to iron 
metallurgists in North America. Accomplishments 
however, have come predominantly from Europe and 
proper interpretation of these reports requires an 
understanding of European raw materials and Euro- 
pean economics. The technology, of course, can be 
applied universally. 

Calcination of 100-pct charges of limestone, and 
formation of cement clinker has had practical 
and commercial applications by the Dwight-Lloyd 
sintering process.'** Portland cement clinker contain- 
ing less than 1 pct free lime has been made at the 
Dwight-Lloyd Research Laboratories, and this has 
been made from raw material composed of 80 pct 
limestone and 20 pct shale. Sinter bed temperatures 
in these cases are invariably in excess of 2600°F. 
In comparison, self-fluxing sinters of iron ore are 
generally formed at temperatures several hundred 
degrees lower than cement clinker and the ore mix 
has only a fifth the quantity of limestone. 

Continuous sintering of iron ore by the Dwight- 
Lloyd process can be reviewed by referring to the 
Fig. 1 diagram. This shows the hourly flowsheet 
as a material balance at the Dwight-Lloyd Research 
Laboratories and the data represent averages of sev- 
eral repetitious pilot-plant campaigns. A methodical 
error always existed in seeking 100-pct recovery in 
the materials balance, and this error is expressed 
as a tolerance of the returns cycle. The fact that this 
value is only 0.25 pct gives an indication of the pre- 
cision exercised in acquiring the data. 

The materials balance diagram illustrates several 
features of good sinter practice. These are related 
to sintering a nodular-textured burden and the use 
of a hearth layer. The air-borne solids amounted to 
less than 0.2 pct of the sinter and only 2.7 tons of 
draft were used per ton of sinter at a vacuum of less 
than 20 in. water gage. Unit sinter capacity acquired 
from this ore (-% in. Lake Superior fines) amounted 
to 3.67 net tpd per sq ft. For comparison, a similar 
materials balance diagram in Fig. 1A shows the sin- 
tering characteristics of an iron ore that responds 
less favorably. Air-borne solids in this case 
amounted to more than 1 pct of the sinter, 5.8 tons 
of draft were required per ton of sinter, and a unit 
sinter capacity of only 1.29 net tpd per sq ft was 
acquired. These marked differences were attributed 
to the characteristics of the raw materials. 


T. E. BAN, C. D. THOMPSON, and C. A. CZAKO are, respec- 
tively, Director of Research, Assistant to Director of Research, and 
Research Metallurgist, Dwight-Lloyd Research Laboratories, Mc- 
Dowell Co. Inc., Cleveland. 


Many previous investigators have reported their 
versions of the mechanics of sintering.** General- 
ly there has been agreement concerning all principal 
characteristics. The continuous process is maintained 
by subjecting a bed of fine, moistened materials to 
heat developed by combustion of fuel within a mov- 
ing bed while the individual particles are maintained 
in the quiescent state. This is conducted in the down- 
draft process, illustrated in the diagram, by charg- 
ing a blend comprised of ore, returns, coke breeze, 
and water on top of hearth layer which is applied 
directly on the pallets. As the charge emerges under 
the ignition burner, a continuous downdraft pro- 
motes combustion and heat transfer. This gives rise 
to the five prominent zones of sintering, i. e., cool- 
ing, firing, calcining, drying, and unreacting. The 
firing or combustion zone terminates near the dis- 
charge end, and here peak exhaust temperature nat- 
urally occurs. 

The sectional views in Fig. 2 show the heat zone 
patterns from sections throughout the bed. Data for 
these temperature curves were derived from batch 
tests and are illustrated as typical for the zones des- 
cribed previously. The peak bed temperatures for 
proper sintering are governed by the eutectic point 
for the semi-fused mass, provided sufficient intensity 
of combustion is maintained by fuel and draft. The 
eutectic point is altered by varying the composition 
of the charge. This is an important consideration in 
forming self-fluxing sinter. These curves also illus- 
trate the rather rapid air quenching during sinter- 
ing. In cases of forming self-fluxing sinter, where 
about half the volume of sinter is composed of a 
friable glassy slag, a rapid air quench can produce 
a friable sinter by thermal stresses. 

Classifications of self-fluxing sinter have unfor- 
tunately ranged from sinter that contained a part of 
its own fluxing needs to sinter that contained fluxing 
requirements for an entire smelter charge including 
the ingredients of the sinter, ash of the reductant, and 
the extraneous ore charge. To qualify the various 
ranges of self-fluxing sinter, an attempt will be 
made here to define the basicity of the sinter as a 


CaO + MgO 
SiO, 


Non-Ferrous Applications: Self-fluxing sinter ap- 
plications originated in the nonferrous metallurgical 
field. Probably the initial approach was made in 1896 
when Huntington added lime to his pot charge to 
“enhance the oxidation of the lead sulfide.”” Though 
actually the addition was a charge diluent, subse- 
quent investigators added gypsum, limestone and 
sand.” It was natural that the diluent used ultimately 
for efficient blast furnace smelting would be the flux 
of self-fluxing sinter. More than 20 years ago the 
reports led to text book information that the regular 
lead blast furnace which smelted 100 tpd of charge 
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Fig. 1—Materials balance 


could smelt 250 tpd from a 100-pct sinter charge and 
improve to 600 tpd by using 100 pct self-fluxing 
sinter.” These self-fluxing sinter applications, in 
the modern nonferrous smelter, have led to the use 
of a bedding system for layering limerock, siderite, 
and other diluents with the ore as presinter treat- 
ment.” An interesting process of making self-fluxing 
lead sinter at the Boliden smelter sandwiches the 
flux on pellets of raw constituents prior to sinter- 
ing.” This is in conjunction with electrothemal 
smelting of rich lead charges. Flux is used at the 
Josephtown smelter to strengthen zinc sinter for 
smelting in vertical shaft-type electrothermic fur- 
naces. Sand is added to provide 8 to 9 pct SiO, in the 
sinter product—this imparting necessary hardness 
and structure. 

Lime Additive for Improving Sintering Charac- 
teristics: Silica is the predominant gangue of iron 
ores. Ores similar in grade to Lake Superior iron 


MgO 


ores generally have a ratio of less than 


0.1. For this reason, research on effects of additives 
on iron ore agglomerates has centered on use of 
basic or neutral additions. Slags, calcium ox- 
ide, and magnesium oxide have been extensively 
tested. The quantities have been intentionally 
limited to additions of a few percent of additive 
rather than attempts to approach self-fluxing con- 
sistency of agglomerates. 

Strength of sinter and of indurated iron ore ag- 
glomerates is attributed to bonds of a ceramic nature 
and to the phenomenon known as grain growth. 
These attributes have been widely discussed by 
many authors. *” 

Identification of the bond sources have been con- 
ducted by petrographic microscope, powder X-ray 
diffraction, and micro-radiography methods. Bonds 
of a ceramic or slag nature are important with re- 
gard to self-fluxing sinter. The general contributants 
to all bonds on the acid side are SiO, and Fe,O,, 
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SINTER PRODUCT: 9,797 LB= 22.61% flowsheet for iron ore A. 
whereas those on the basic side are CaO, MgO, and 
FeO. Naturally, slags within sinter composed of 
these chemicals contain a wide range of crystals 
and solid solutions. Prominent crystals within sinter 
bonds have been: belite (2CaO-SiO.), wollastonite 
(CaO-SiO,), fayalite (2FeO-SiO,), and mono-calcium 
ferrite (CaO-Fe,0O,). 

The low melting points of some of these com- 
pounds and their eutectics of solution have led to 
considering them as fluxes for sintering. Khokhlov 
illustrated the rates of formation of some of these 
compounds in the solid state and showed monocal- 
cium ferrite formation to be 60 pct complete at 
about 1500°F, whereas di-calcium silicate required 
a temperature of about 2000°F.” He also showed a 
eutectic point to exist at 2183°F between mono- 
calcium and hemi-calcium ferrite. These low-tem- 
perature fluxing effects of CaO caused investigators 
to consider lime additions in sinter. Fluxing inhibits 
the formation of magnetite and fayalite. 
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Fig. 1A—Materials balance flowsheet for iron ore B. 
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Results of several investigators, who studied lime 
addition to iron ore agglomerates, are presented in 
Table I. The Jernkontoret and Cleveland-Cliffs re- 
sults show strength improvements from lime addi- 
tions to iron ore pellets with a wide range of basic- 
ity.” * Slight additions of lime to sinter mixes at 
low basicities seemed to improve strength. The IRSID 
and Urals Institute reports, however, showed the 
strength (depicted as mean degraded size) to de- 
crease at higher basicity.” ™ It is quite possible that 
an optimum slag quantity within agglomerates 
exists for specific raw materials as suggested by 
Cooke and Ban.* 

A survey of the literature has shown investigators 
reporting that FeO content of sinter decreases with 
lime additions. This was generally accompanied by 
an increase of reducibility as explained by the dif- 
fusion-controlled 

Tigerschiold and Edstown have both illustrated 
how fluxed agglomerates possess higher strength 
than normal agglomerates at elevated temperatures 
and under reducing conditions.“ ™ This factor, 
though not thoroughly evaluated for iron ore sinter, 
may show that self-fluxing sinter charges have 
greater blast furnace strength. Apparatus and tech- 
niques described by Linder showed how laboratory 
work can be used for this type of evaluation.“ Linder 
compared sinter under conditions that simulated 
blast furnace thermal and chemical changes and, 
though the sinters were from different sources, a 
self-fluxing variety was slightly stronger than the 
normal variety. 

Additions of pure MgO have caused reductions in 
strength of iron ore agglomerates,” “ but limestone 
containing up to 25 pct magnesia has shown im- 
provement in sinter quality. 

As illustrated in Table II, lime and limestone have 
improved the sintering process, the improvements 
generally related to increased permeability and 
sinter rate. Usually the lower fusion bed tempera- 
ture allows a more rapid flame front which in turn 


prevents moisture condensation. An interesting heat 
balance around a self-fluxing sinter system showed 
less heat was needed for sintering than in normal 
sinter practice, despite the necessity of calcining 
about 20 pct limestone.” These calculations showed 
that the lower bed heat capacity at fusion point, 
the lower iron oxide reduction, and the exothermic 
heat of slag formations realize a greater heat value 
than the endothermic reaction of calcining limestone. 

Research on Self-Fluxing Sinter: A series of batch 
sinter tests was conducted at the Dwight-Lloyd Re- 


TEMPERATURE GRADIENT 
10? xF* 
14 16 18 20222426 


SECTIONAL VIEWS 


==» CALCINING 
DRY ING 


~-~=CALCINI 

ORVING 


0246 86 0 1246 1620222426 
10? 

TEMPERATURE GRADIENT 


Fig. 2—Typical heat zone patterns through Dwight- 
Lloyd iron ore sinter bed. 


Table |. Effect of Additives on Strength of Agglomerate 


Ty 
Institution Mesh-Mineral) 


Name of Ore 


Strength Improvement 
Attributed te Additive 
(Multiple of 
Original Strength) 


University of Min- 
nesota® 
Urals Institute” 
RSID“ 


U.S. Steel, South 
Works* 

Jernkontoret” 

Cleveland-Cliffs™ 


Gogebic 


Krivoi Rog 
Acerias Paz del Rio 
Flue dust-ore fines 


—14-mesh hematite 


— % in. hematite 
— % in. hematite 
— % in. hematite 
—20-mesh flue dust 
Malmberget concentrates 


Humboldt concentrates —65-mesh hematite 


— 150-mesh magnetite 


6.20 mean degraded size 
1.45 mean degraded size 


0.85 mean degraded 
1.10 mean degraded size 


1.70 crushing strength 
3.00 crushing strength 


Table II. Effect of Additives on Sintering Characteristics 


Institution Name of Ore Type 


Pet Additive 


Basicity 


BISRA* Sierra Leone concentrates —— concen- 
a 


Oliver Mining Co.™ Taconite concentrates 


Inland Steel Co. Ore screenings, flue dust, 
scale 


Steel Co. of Canada Ore screenings, flue dust, 
Ltd. (Stelco)* scale 

USSR Plant B™ 

Urals Institute” Krivoi Rog 


0.525 Sinter rate in- 


10-pet limestone 


* Not designated. 
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10.9 Sinter 4CaO 37 
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0.16 Pellets 3CaO 18.70 
73 Pellets 2.5 CaCOs .30 
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iy. crea diminished 43 
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Magnetite concen- 8.12 5-pet limestone 0.442 ° Sinter vacuum 
trates diminished 37 
Bae s8 hydrate creased 60 to creased 
65 pct pet 
Mixture 12.4  20-pet dolomite 1.050 Sinter rate in- 
F creased 22 pct 
creased 15 ~~ 
' Hematite 17.8 14-pet limestone 0.440 Sinter rate in- e 
; creased 50 pct 


search Laboratories to investigate self-fluxing sinter- pressed in Table III as a mean value, with its prob- 
ing characteristics of a normal Lake Superior iron ore. able deviation. A nodular charged burden was used 
The tests were designed to determine the effect of in each case and the following conditions of opera- 
CaO + MgO tion were closely controlled: 1) percentage of returns 
oo and coke, 2) blending retention time, 3) bed charge 
ratio of 1.4 with: 1) —%-in. high-magnesia lime- and hearth 
stone, CaO ratio of 6, 2) —100-mesh high-magnesia The sinter test results are expressed in terms of 
MgO draft vacuums, unit capacities, and size analyses 
limestone, 3) —100 mesh limestone, and 4) —100 before and after tumble testing. It was apparent 
mesh hydrated lime. Four repetitious tests were that differences in sintering characteristics of all 
conducted with each burden and the results are ex- the self-fluxing burdens were minor. Significant 


sintering a —%-in. iron ore fluxed to a 


Table Ill. Self-Fluxing Sinter Test Results 


Self-Fluxing Sinter 


—% In. — 100 Mesh 
High-MgO High-MgO — 100 Mesh Pure — 100 Mesh 
Normal Sinter Limestone Limestone Limestone Hydrated 
No Additive Additive Additive Additive Lime Additive 


| 


Sinter Charge Composition (as received) 


Ore, pet 71.00 56.00 56.49 57.60 60.30 
Flux, pet — 15.00 14.51 13.40 10.70 
Returns, pct 25.00 25.00 25.00 25.00 25.00 
Coke, pet 4.00 4.00 4.00 4.00 4.00 
Sintering Conditions 
Burden moisture, pct 10.5+0.1 10.5+0.5 10.7+0.3 10.2+0.1 11.9+0.5 x 
Retention blend, sec 60 60 60 60 = 
Ignition period, sec 45 45 45 45 ; 
Flowrate, cfm per sq ft (NTP) 206+2 208+2 210+1 214+7 206+6 
Vacuum, in, HyO 12.1+0.7 9.9+0.1 11.7+0.3 9.2+0.9 8.9+0.2 
Sinter Production 
%-in. generated, pct 37+1 40+1 46+1 39+2 41+1 
Net per sq ft per day of —4 in. 3.4+0.2 3.60.1 3.1+0.2 3.3+0.1 3.5+0.1 
+0 in. 
Net tons per sq ft per day of —4 in. 2.8+0.1 2.80.2 2.1+0.2 2.6+0.1 2.7+0.1 
In, 
Median size of + % in., in. 1.1+0.10 0.630.01 0.60+0.01 0.66+0.03 0.67+0.06 
Tumble-Tested Product 
Percent —28 mesh 8.4+0.9 6.0+0.3 6.2+0.8 3.30.5 5.7+0.8 
Median size, in. 0.320+-0.006 0.25 + .000 0.230+0.006 0.250+0.010 0.24 + .000 
Percent —28 mesh of weathered prod- 4.5 6.8 4 5.8 4.9 
uct 
Median size of weathered product, in. 0.35 0.25 0.25 0.26 0.27 
Sinter Grade b 
Percent of Fe total 6.70 53.12 52.68 54.37 53.35 ; 
Percent of FeO 20.75 9.87 9.13 11.32 9.29 
CaO + MgO ; 
(calculated) 0.029 1.40 1.40 1.46 1.42 
CaO + MgO 
——-—— (analyzed) 0.044 1.42 1.31 1.50 1.69 


SiO, 


Table IIIA. Self-Fluxing Sinter Test Results 


Self-Fluxing Sinter 
Normal Sinter 


Annealed Annealed 


Sinter Charge Composition (as received) 


Ore, pct . 56.00 56.88 56.88 
Flux, Pct — 15.00 15.24 15.24 15.24 
Returns, pet 25.00 25.00 25.38 25.38 25.38 
Coke, pet 4.00 4.00 2. 2.50 2.50 
Sintering Conditions 
Burden moisture, pct 10.5+0.1 10.5+0.5 10.7+0.3 9.8+0.2 10.2+0.2 
Retention blend, sec 60 60 60 60 60 
Ignition period, sec 45 45 45 45 45 
Annealing period I 
Time, min 5 5 24 
Air temp, *F 1820+11 193323 1900 
Annealing period II 
Time, min 6.50.8 6.5+0.4 
Air temp, *F _ Ambient 608+54 
Flowrate, cfm per sq ft (NTP) 206+2 208+2 17822 154+5 168+4 
Vacuum, in, HyO 12.1+0.7 9.90.1 36 36 36 
Sinter Production 
%-in. generated, pct 40+1 50+5 40+3 
Net tons per sq ft per day of —4 in. 3.4+0.2 3.6+0.1 2.7+0.2 2.8+0.1 14+0.1 
+0 in. 
Net tons per sq ft per day of —4 in. 2.8+0.1 2.80.2 1.60.2 1.8+0.3 1.10.1 
+ % in. 
Median size of + % in., in. 1.10.10 0.63+0.01 0.77+0.02 0.78+0.03 2.44+0.60 
Tumble-Tested Product 
Percent —28 mesh 8.4+0.9 6.0+0.3 6.30.4 6.6+0.8 7.5+0.9 
Median size, in. 0.320+0.006 0.250 + 0.000 0.290+0.005 0.280+0.010 0.290+0.020 
Sinter Grade 
Percent of Fe, total 61.70 53.12 51.35 50.70 51.53 
Percent of FeO 20.75 9.87 8.16 6.17 5.35 


CaO + MgO 


0.029 1.40 


1.45 1.45 


0.044 1.42 


1.80 1.60 
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differences were observed, however, between normal 
burdens and self-fluxing burdens. Generally in 
cases of self-fluxing sinter the percent of generated 
returns were higher and median sizes were lower. 
Very slight differences existed between vacuum 
conditions and unit capacities. These were attributed 
to the fact that nodular burdens with inherent high 
unit capacities were obtained for both kinds of 
sinter making. 

In order to acquire a true size analysis of the pro- 
duct, special care was used to crush and screen the 
grate discharge. Results of the method of analysis 
were surprisingly consistent as was evidenced by 
the probable deviation of the median sizes and per- 
cent generation of returns. These are indicated in 
Table III. 

Tumble tests were conducted on a 20-lb represen- 
tative portion of the +%-in. sinter from each test. 
This was conducted with an ASTM coke-tumbling 
drum operating at 24 rpm for 200 revolutions. Size 
analyses of the degraded sinter were determined in a 
manner similar to that used for the grate discharge. 
Tumble tests were also conducted on a sample of 
each series of sinter subjected to a simulated weath- 
ering test. The weathering was accomplished by a 
10-day cycle of repeated wetting and drying of sin- 
ter product. Samples representative of each of the 
four series were submerged in water for 24 hr 
and then drained and air-dried for 24 hr. Re- 
sults of the tumble-tested weathered specimens are 
given in Table III. 

The families of size analyses curves in Fig. 3 
illustrate the results obtained from all the tests. 
The broad-banded area of the curves contains the 
test results, including the size analyses of the raw 
materials, the sized sinter (normal and self-fluxing), 
and the tumbled sinter (normal and self-fluxing). 
The self-fluxing sinters illustrated in their respec- 
tive bands contain all of the results of the coarse 
and fine magnesia limestone tests, the fine limestone 
tests and the lime hydrate test, and each of their 
respective weathering tests. 

Interpretation of these curves leads to some inter- 
esting observations. The raw materials and the sized 
sinter curves resemble a hyperbola about the 
diagonal, and the reversion of the sinter structure 
to the structure of raw materials is illustrated by the 
structure of the degraded sinter. In other words, the 
more closely the degraded sinter curve approaches 
the raw materials curve, the greater the degrada- 
tion. Inflection of the top portion of the sized sinter 
curves indicates degradation of coarse sized material 
and inflection of the lower portion indicates creation 
of fines. These clearly illustrate that the self-fluxing 
sinter possessed a smaller median size and degraded 
to a smaller median size. 

In all cases the degradation tests showed that 
self-fluxing sinter had a greater tendency to revert 
to a structure of hearth layer (popcorn) without 
creation of more dust. Naturally, the sinter pos- 
sessed less lump material. 

There were no obvious differences in strength 
of the various grades of self-fluxing sinter formed 
from the various types of additives, and there was 
no extreme weakening caused by the weathering 
tests. 

If the small median size of self-fluxing sinter is 
objectionable from a quality standpoint, it can be 
improved by annealing the sinter. This is accom- 
plished by using a preheated draft for combustion 
or an extended ignition in place of solid carbon 
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Fig. 4—Size analyses family of curves showing effect of 
annealing self-fluxing sinter. 
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Fig. 5—Size analyses family of curves showing commercial 
raw materials and sinter structures. 


fuel. A series of sintering tests with varying inten- 
sities of annealing were conducted in this manner 
and the results are shown in Table IIIA. For pur- 
poses of comparison this table includes both results 
for normal] sinter and for —%-in. high-MgO lime- 
stone self-fluxing sinter formed by standard tech- 
niques as they were shown in Table III. The annealed- 
sinter tests were conducted by using 2.5-pct coke 
instead of 4 pct, and by using preheated draft for 
various periods of time. In the first case, a draft of 
1820°F was maintained for 5 min immediately after 
ignition and was followed by an ambient tempera- 
ture draft until the termination of the run. In the 
second case a draft of 1933°F was maintained for 
5 min after ignition and was immediately followed 
by a draft of 608°F for 6.5 min. In the third case a 
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Fig. 6—Tigerschiold’s data on Domnarfvet blast furnace. 


draft of 1900°F was maintained for 24 min following 
ignition. 

The results showed that median size of the self- 
fluxing sinter increased as the intensity of anneal- 
ing increased. In all cases the structure of the an- 
nealed self-fluxing sinter was an improvement over 
the usual self-fluxing sinter structure, and the highly 
annealed self-fluxing sinter was coarser than the 
normal sinter. In comparing the annealed sinter 
tests with the standard sintering tests, it was ap- 
parent that the vacuum conditions were higher and 
unit capacities and FeO analyses were lower for 
the annealed sinter. 

Fig. 4 shows how the structure of annealed self- 
fluxing sinter compares with normal sinter and 
self-fluxing sinter made by standard sintering tech- 
niques. The curves of the annealed self-fluxing sinter 
are represented by the cross-hatched banded areas. 
The coarser extremes are characteristic of the most 
highly annealed state, while the finer extremes are 
characteristic of the moderately annealed state. 

A series of structure curves of various raw ma- 
terials and production sinter are superimposed on the 
standard self-fluxing sinter curve study in Fig 5. 
These show relationships between sized sinter and 


degraded sinter with size analyses of materials used 
and formed in production sinter plants. 

Benefits of Smelting Self-Fluxing Sinter: Several 
qualitative factors suggest self-fluxing sinter would 
be a more satisfactory blast furnace feed than nor- 
mal sinter. These are as follows: 


1) The normal limestone charge would be 
thoroughly dried and calcined. 

2) Flux constituents with a sinter furnace charge 
would be intimately blended and vitrified (pre- 
slagged). 

3) The sinter would contain less FeO and have 
higher reducibility. 

4) Normal CO, from calcination of limestone is 
not present, so there is no interference with indirect 
reduction and solution loss is minimized. 

5) The blast furnace can revert to its primary 
duty of reducing iron ore. 


Regardless of these postulates, operators using 
high quantities of self-fluxing sinter have shown 
coke rates diminish and blast furnace productivi- 
ties increase.” “* These are generally substantiated 
by a decrease of CO:CO, ratios in top gas and by 
smoother furnace operations.” Tigerschiold 
showed CO, in top gases to increase from 9 to 13 pct 
by use of sinter instead of lump ore and from 13 to 
15 pct by use of self-fluxing sinter instead of normal 
sinter, despite the lack of CO, from stone calcination 
within the furnace.“ This indicates less solution loss 
or more indirect reduction or both. 

Table IV is arranged to illustrate benefits gained 
by various operators who used self-fluxing sin- 
ter burdens instead of normal burdens. The re- 
sults are extracted from their reports and an at- 
tempt has been made to use values of their data 
that illustrated comparable percentages of normal 
and self-fluxing sinter burdens. Production data on 
higher self-fluxing sinter burdens than those given in 
Table IV were available, for instance, at ISCOR 
and Stelco, but data on comparable normal sinter 
burdens were not available. The results of Domnar- 
fvet experiences are notable for their improvement 
and represent the longest period of survey (more 
than 10 years duration for each type of sinter). Some 
of the other data were of limited duration but ap- 
parently sufficient, as shown by the confidence of 
the organization in publishing the results. Naturally, 
other factors than the use of self-fluxing sinter in- 
fluenced the improvement of blast furnace perform- 
ances. These factors cannot be isolated here and 
the benefits of furnace performances are attributed 
mainly to the use of self-fluxing sinter. 


Table IV. Comparison of Normal and Fluxed Sinter Burdens on Blast Furnace 


Performance 


Sinter in 
Burdens, Pct 


Grade 
Blast Furnace of Fluxed 


Improvement Through 
Use of Fluxed Sinter 
Sinter 
Basicity, No. Production Coke Rate 


Plant Capacity, Tpd Sinter, Pct 


Normal 


Increase, Decrease, 


Fluxed Normal Fluxed Pet Pet 


Domnarfvet*. 
Magnitogorsk combine™. % 
USSR plant B*™ 

iser* 
Makeevka"” 
German foundry*™ 
ISCOR* 
Stelco® 


1 


@ooucoro 

all 


* Not designated. 
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Apparently, a more marked improvement is re- 
alized by using self-fluxing sinter in a smothered- 
are electric furnace for pig iron. Both Collin and 
Kalling report that approximately 15 to 20 pct of 
the electrical energy is conserved through the use 
of self-fluxing sinter and this generally contributes 
15 to 20 pct to the increase in furnace capacity.” @ 
Thermochemistry would show a CaO flux charge 
to conserve 5 to 10 pct of the energy that would be 
consumed in a CaCo, flux charge. The additional 
improvement is attributed to solution loss and effi- 
ciency of furnace operations. 


Perhaps Tigerschiold’s record of the Domnarfvet 
blast furnace history best illustrates the benefits 
of using self-fluxing sinter.” The graph in Fig. 6 
shows the furnace production and burden charges 
for the Domnarfvet furnaces from 1926 to 1948. Prior 
to 1934, lump ore was used as the furnace charge; 
from 1934 to 1943 the charge was comprised of nor- 
mal sinter; and from 1943 to 1948 self-fluxing sin- 
ter was used. These dates, extended to the 1954 re- 
cords, are presented as Domnarfvet improvements 
in Table IV and Fig. 6." Progressively, through evo- 
lution of practice since 1926, the coke rate decreased 
more than 40 pct, while the furnace productivity 
more than doubled. 


The magnificent accomplishments of Domnarfvet 
in acquiring a coke rate of 1170 lb per ton of metal 
with a capacity of 3.2 tpd per sq ft of furnace hearth 
area are benefits evolving from 32 years of work. 

Summary and Conclusions: Though self-fluxing 
sinter applications originated with nonferrous metal- 
lurgy in the U.S., extensive practices in ferrous 
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metallurgy have been applied in Europe. A consid- 
erable amount of research work involved additions 
of small percentages of lime to iron ore agglomer- 
ates, with attendant benefits to sinter capacity and 
sinter strength. Large additions of limestone, ap- 
proaching self-fluxing consistency, cause a weaken- 
ing of the top or lump structures of sinter. This does 
not lower the sinter resistance to dust formation, 
however, and the weakening can be inhibited to a 
considerable extent by using a preheated draft for 
sinter making. 

Users of self-fluxing sinter in blast furnaces and 
submerged-arc electric furnaces have reported an 
increase in furnace capacities and a decrease in 
thermal rates. There are many technical explana- 
tions for these improvements. 

Iron blast furnace burdens of 100 pct self-fluxing 
sinter have been used for a number of years at 
Appleby-Frodingham in England, at Domnarfvet 
in Sweden, and at the Magnitogorsk combine in the 
Soviet Union. It is apparently economical practice 
at these plants. Discretion should be used, however, 
in translating this practice without meticulous eval- 
uation. The relatively high cost of European metal- 
lurgical coke is a compelling factor for consider- 
ation of highly beneficiated burdens, and rather 
unique raw materials have also influenced the ap- 
plication. 
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ith stepped-up work in rock mechanics, more 
W and more data on strength and elastic properties 
of rocks has become available. Results of measure- 
ments of tensile strength, in addition to determin- 
ations of compressive strength, allow us to deter- 
mine, even if only in an approximate way, the third 
property influencing failure of a brittle material: 
shear strength. 

It is fairly generally agreed upon in rock mechan- 
ics, in drilling and blasting research, that Mohr’s 
theory provides an acceptable method for explain- 
ing the failure of a brittle material. Mohr states 
that a material may fail either 1) through plastic 
slip when shearing stress Y in the planes of slips 
has reached a limiting value (which in general de- 
pends on the normal stress, X, acting normal to the 
surface), or 2) when the largest normal tensile 
stress has reached a limiting value. The mode of 
failure depends upon which of the two stresses is 
the smaller. 

Everyone who has run compression tests has ob- 
served these fracture phenomena. Weak rocks 
merely crumble, with hardly any wedge-type frag- 
ments noticeable. Medium-strong and strong rocks 
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Fig. 1—Mohr’s envelope of subgraywacke, P-5620-A 
(After U.S. Bureau of Reclamation Concrete Laboratory 
Report C-746, fig. 5.) 
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THE SHEAR STRENGTH OF ROCKS 


A discussion of a third factor in the theoretical aspects of rock failure, with the 
view that shear strength is the missing link in drilling and blasting research. 


by RUDOLPH G. WUERKER 


may show either of the following: 1) They split at 
first in wedges, indicative of shear failure, or 2) 
upon further loading they split by tension into pieces 
separated by longitudinal tension cracks. This se- 
quence may be reversed, or the two modes of failure 
can take place simultaneously, depending on parti- 
cular details of the tests. As will be shown below, 
Mohr’s theory can be used to explain this ambiguous 
behavior of brittle materials. 

Another pertinent observation from confined 
tests is that rocks, ores, coal, etc., which are brittle 
when tested as small specimens and unconfined, can 
be brought into the plastic state under sufficient 
constraint. Nadai™ points out that “it is more correct 
to speak, not of brittle or ductile materials, but 
rather of the brittle or plastic state of these ma- 
terials.” The mineral engineer in his daily work 
may encounter either state. 


DETERMINING SHEAR STRENGTH 

Shear strength of rocks can best be determined by 
triaxial compression tests. A complete description 
of the procedure of measurements and method of 
evaluation is given in publications by the U. S. 
Bureau of Reclamation*** and by other investi- 
gators." * * * Included are numerous results of tests 
of rocks that particularly interest the mineral engi- 
neer. Many are presented in graphical form using 
the method established by Mohr. 

Mohr’s envelope, sometimes referred to as Mohr’s 
rupture line, defines the limiting state of stress pos- 
sible before failure. Referring to Fig. 1, fracture will 
occur when the combination and magnitudes of the 
stresses are such that the semi-circle touches the 
rupture line. Two methods of interpretation are 
customary: 1) curvi-linear relationship, and 2) 
straight line fit. Presentation of results of triaxial 
testing as a curve is more accurate and will have 
to be used in higher ranges of confining stress. 

For rough approximations and in all cases where 
tests under confining pressure cannot be made, use 
of tensile and compressive strength data suggest 
themselves. A straight line tangent is drawn from 
the tension circle to the compression circle. The U.S. 
Bureau of Reclamation has presented the data® of 
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such a comparative test. The rock under investiga- 
tion was a coarse grained subgraywacke, P-5620A 
(see Fig. 1). The shearing stress relationships were 
based on: 1) triaxial compressive strength (ex- 
pressed as straight line: Y = 1700+ 1.08 X); 2) 
unconfined compressive and tensile strength 


> 

(Y =1180 + 1.53 X). In general terms, and assum- 
ing Mohr’s envelope to be linear, the equation of 
Mohr’s envelope is Y = C + tan¢X where Y is the 
shearing strength and X is the normal stress at fail- 
ure. The intercept of the envelope with the Y axis 
is C, which is the shear strength at zero normal 
stress, the quantity which is the object of this dis- 
cussion. It is sometimes referred to as unit cohesive 
strength. The slope of Mohr’s envelope, tan 4, is 
sometimes called the coefficient of internal friction. 

The disagreement between the two expressions 
for the envelope of the subgraywacke pictured in 
Fig. 1 can be explained by the fact that linear equa- 
tions were assumed in both cases, whereas the true 
relation is a curvi-linear one. The true value prob- 
ably lies between the value obtained from confined 
tests and that obtained from unconfined tensile and 
compressive strengths. It lies as a rule on the high 
side of the values arrived at in this investigation; 
the straight line approximation is always on the safe 
side, as it is the smaller value. Also the validity of 
the straight line will have to be established from 
case to case. Beyond this point, results of tri-axial 
testing will have to be presented as a curve. 

In many cases, the judicious use of schematic 
Mohr’s envelopes allows extrapolations that can be 
used to predict conditions in the confined state. Re- 
ferring again to Fig. 1 the value X = 2000 psi may 
be chosen for this check. A confining stress of 2000 
psi is roughly equivalent to a depth of 2000 ft, which 
is greater than the depth of most U. S. mining oper- 
ations. Graphed values from the actual test and 
from the approximation compare as follows: 


Triaxial Straight Line 
Tests Approximations 


Shear strength at 0 confining stress 1180 psi 1700 psi 


Shear strength at 2000 psi confining 
stress 3800 psi 4300 psi 


The difference in the results obtained by the two 
methods is reasonable in the range from 0 to 2000 
psi confining pressure. 

While use of this timesaving procedure must 
recognize its limitations and caution must be used 
when determining properties of a specific rock, it is 
of great help when discussing the behavior of rocks, 
or other brittle material. Fig. 2A shows a schematic 
Mohr’s envelope of a ductile material such as mild 
steel which can be visualized as having equal com- 
pressive and tensile strength at the proportionality 
limit. Fig. 2B shows the schematic envelope of a 
material such as rock, cement, brass, cast-iron and 
cast steel, with unequal compressive and tensile 
stress at failure. Fig. 2C is a special case—a mate- 
rial having no tensile strength, e.g. soil. 

Evaluation of Tests of Rocks: In Fig. 3, schematic 
but representative Mohr’s envelopes of two rocks 
and one concrete sample are pictured. All drawn to 
the same scale, they show how the slope of the 
envelope and the intercept with the shear axis of 
various materials can change. The rock depicted in 
Fig. 3A is a jaspilite from the Soudan mime, in 
Minnesota (USBM Ref. no. 8.4). In Table I, it is the 


MATERIAL WITH EQUAL 
A Y TENSILE AND 
— COMPRESSIVE STRESS 
/ 
\ 
TENSION COMPRESSION x 
PS! PSI 
8 
Y MATERIAL WITH UNEQUAL 
TENSILE AND 
SHEAR ai COMPRESSIVE STRESS 
PSI 
TENSION COMPRESSION x 
PSI PSi 
c MATERIAL WITH 
NO TENSILE 
STRESS (SOIL) 
SHEAR 
\ 
TENSION COMPRESSION x 
PSI PSI 


Fig. 2—Schematic Mohr’s envelope of three materials. 
A—Material with equal compressive and tensile stress at 
failure. B—Material with unequal compressive and ten- 
sile stress. C—Soil (no tensile stress). 


rock with the highest compressive strength whose 
tensile strength has been determined.” Its envelope 
has a fairly steep slope, although not the steepest 
one, as will be discussed below. Note also, that the 
tensile strength is less than the shear strength. Fig. 
3B is the idealized Mohr’s envelope of a shale from 
the roof of seam Danville No. 6 in Illinois. It has 
the least slope of all rocks listed in Table I and the 
shear strength is less than the tensile strength. A 
Mohr’s diagram of concrete is also shown (Fig. 3C) 
for comparison. 

In Table I some more evaluations of results of 
recent tests are given. Column 1 gives the source 
from which data has been obtained (see table notes). 


8 c 
R- JASPILITE | SHALE | CONCRETE 
49, 


COMPRESSIVE 
99,000 | 5,165 | 3,000 


TENSILE 
STRESS 1,100 350 
SHEAR 
STRESS | 5,600 | 4420 550 


SHEAR STRESS IN PS! 


Fig. 3—Mohr’s envelopes of rocks: A—Minnesota jaspilite. 
B—Illinois shale. C—Concrete, saturated 28 days. 
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Table |. Strength Data of Some Rocks 


1 2 3 4 5 6 7 s 9 10 11 
Ratio of 
Modulus Moduli of Validity 
Modulus of of Elas- Ratio of Elasticity up to X, Psi 
Com-_ Elasticity ticity (in Compres- (Con- 
pressive (in Com- Tensile Ten- Shear sive to pres- Point Safe 

Refer- Strength pression) Strength, sion) Strength, Equation of Tensile siveto of Tan- Extrap- 

ence* Type of Rock 1%, Psi 10°, Psi Psi 1, Psi Psi Mohr’s Envelope Strength Tensile) gency olation 
6l.la Chert (dolomitic), Tenn. 32.3 12.63 990 12.08 2900 Y = 2900 + 2.8X 32.6 1:1 1000 2000 
61.1b Chert 29.3 8.15 820 _ 2550 Y = 2550 + 3.0X 34.7 _ 750 1500 

(See also jaspilite) 
B21 Coal (Upper Silesia) 2.8 750 Y= 750 + 0.8X 2800 3800 
B23 Coal (Cwmtillery) 1.6 — 300 — 200 Y= 200 + 12x 5.4 = 1900 2300 
B 23 Coal (Barnsley, hard) 6.2 _ _— — 1600 Y = 1600 + 0.8X —_ _ 1000 2000 
42.2 Epidosite (mottled), Va. 49.9 13.7 660 _ 3600 Y = 3600 + 4.5X 75.6 _ 500 1500 

1.3 Granite, Vt. 33.2 4.41(d) 1030 _ 2900 Y = 2900 + 2.8X 32.2 _— 900 1800 
47.1 Granite (gneisses) , Ga. 28.0 3.17 410 1.49 1720 Y= 1720 + 42X 68.3 2.13:1 400 1000 
47.2 Granite (gneisses), Ga. 30.9 3.08 560 _ 2100 Y = 2100 + 3.6X 55.2 _ 500 1200 
55.1 Granite, Colo. 25.5 3.94 590 —_ 2000 Y = 2000 + 3.4X 43.2 a 600 1300 
55.2a Granite, Colo. 23.0 5.54 520 — 1850 Y = 1850 + 3.6X 44.2 -- 500 1000 
55.2 b Granite, Colo. (parallel to bed- 23.4 6.13 810 = 2200 Y = 2200 + 2.7X 28.9 -- 800 1600 

ing) 
55.3 Granite, Colo. 25.3 394 500 — 1850 Y = 1850 + 3.7X 50.6 — 500 1000 
51.2 Greenstone (amygdaloidal), Pa. 29.1 8.82 380 — 1700 Y = 1700 + 4.5X 76.6 _ 350 800 
P-5620-A Greywacke (Sub), Calif. 7.9 1.8 700 —_ 1200 Y = 1200 + 1.7X% 11.3 _— 700 1400 
84,B28 Jaspilite, Soudan mine, Minn. 99.0 — 1100 7.28 5650 Y = 5650 + 5.1X 90.0 — 900 2000 
(See also chert) 

12 Limestone (fossiliferous), Ind. 10.9 6.41(d) 522 _— 1250 Y = 1250 + 2.4X 20.9 — 700 1400 
59.la Limestone (fossiliferous), Ohio 21.3 9.5 350 — 1320 Y = 1320 + 3.9X 60.8 — 300 600 
59.1 b Limestone (parallel to bedding) 26.1 8.75 1380 — 3050 Y = 3050 + 2.2X 19.0 — 1100 1800 

1.1 Marble, Md. 30.8 7.15(d) 863 — 2650 Y = 2650 + 2.9X 35.7 -- 800 1600 
414 Marlistone, Colo. 25.0 4.17 480 42 1700 Y = 1700 + 3.5X 52.1 1:1 400 1000 
B 33 Salt, Potash-, N. M. 4.2 — 402 — 650 Y= 650 + 1.6X 10.5 = 350 800 
B27 Salt, Rock-, Retsof, N. Y. 2.2 1.35 85 0.468 210 Y= 210 + 3.2X 25.8 2.9:1 400 800 

1.4 Sandstone, Ohio 10.4 0.87(d) 120 — 560 Y= 560 + 4.7X 86.7 _- 100 250 
38.4 Sandstone, Pa. 14.8 2.0 230 0.29 900 Y= 900 + 4.0X 64.4 69:1 200 500 
66.2 Sandstone, Pa. 12.6 1.2 130 _— 680 Y= 680 + 5.2X 97.0 -- 200 500 
B33 Sandstone (Pennsylvanian), Ill. 2.3 0.72 216 0.197 380 Y= 380 + 1.7X 10.6 3.7:1 200 500 
6l1.2¢ Shale (carbonaceous), Tenn. 16.3 2.01 110 850 Y= 850+ 7.7X 148.0 200 500 
B 33 Shale (carbonaceous), Ill. 5.2 1.09 1538 498 1420 Y = 1420 + 0.6X 3.4 1:22 1200 2000 
59.3 b parallel-bedding), 5.0 12.6 440 750 Y= 750 + 1.7X 11.4 500 1000 

B32 Concrete 3.0 _ 350 _ 550 Y= 550 + 16X 8.5 _— 300 600 


* Unprefixed numerals refer to group numbers used by USBM for labeling samples. Numbers with prefix P indicate samples tested 


by U. S. Bureau of Reclamation, Denver. Those with prefix B refer to studies listed in the bibliography of this article. 


Columns 3 to 6 are the results of determinations 
made by various investigators. Results of computa- 
tions or graphical solutions are to be found in the 
remaining columns. Column 7 gives the values of 
shear strength obtained by graphical solution. 
Column 8 is the straight line expression of Mohr’s 
envelope, Y = C + tan¢X, as previously detailed. 
Column 9 gives the ratio of compressive strength to 
tensile strength. They are identical with the blast- 
ability coefficient introduced by Hino” in his dis- 
cussion of fragmentation by explosives. If the equa- 
tion of Mohr’s envelope is transformed by linear 
methods into the coordinates of the stresses S, and 
S,, the equation of the principal stress relationship 
is obtained. This again is of the general type of a 
line with slope m and S, - intercept b, S, = b + mS,,. 
In this case the coefficient m of S, is the ratio of 
compressive to tensile strength, which is Hino’s 
blastability coefficient. This is explained in more 
detail in another paper.“ Column 10 lists the ratio of 
the modulus of elasticity in compression to the one 
in tension. These values are reproduced for the sake 
of completeness. Column 11 gives a suggested range 
of validity in terms of the normal stress X. The first 
value in this column is equal to the point of tangency 
of Mohr’s envelope with the compression circle; the 
second value is extrapolated. 

It becomes evident from Table I that every rock 
has a Mohr’s envelope typical only of itself, and that 
hardly ever will two rocks have the same intercept 
of the envelope and the same slope. Table I and 
other existing tabulations show that the measured 
shear strength of rocks under investigation varies 
from a maximum of 6340 psi (basalt from Medford, 
Ore.) to a minimum of 100 psi (a tuff from Ore- 
gon). Eighty-four percent of the rocks investigated 
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have a shear strength of less than 3000 psi. Even the 
aforementioned jaspilite from the Soudan mine, 
with compressive strength as high as 99,000 psi and 
tensile strength of 1100 psi, has a shear strength of 
only 5650 psi. The equations of Mohr’s envelope of 
rocks show furthermore that the slope (tan 4), 
which is the coefficient of internal friction, varies 
from 7.7 in the case of a carbonaceous shale from 
Tennessee (61.2c) to 0.5 in the case of a biotite 
schist from Colorado, (P-5089). 

Of the great possible number of schematic Mohr’s 
envelopes, one merits special discussion. This is the 
one for the case where tensile strength equals shear 
strength. The point at which the two strengths are 
equal is the theoretical border for the transition of 
a material from the brittle to the plastic state, or 
vice-versa. As Fig. 4 shows, this takes place at a 
slope of ¢ = 36.8°, tan ¢ = 0.75, and a ratio of com- 
pressive to tensile strength of 4. If the slope of the 
envelope is steeper than this limiting case, the rock 
will tend to fail in tension—i.e., in brittle fracture. 
If the slope is less, the rock will yield to shear or 
ductile failure, because in this range the shear stress 
will always be less than the tensile strength and a 
material will always fail at its least strength. 

While only one rock listed in Table I seems to 
fail in shear, this is due to the accidental choice of 
rocks. Numerous examples can be found in reports 
dealing with rocks from common JU. S. oil forma- 
tions. Hubbert and Willis”, in discussing results ob- 
tained in triaxial testing of sedimentary rocks, many 
of which failed apparently in shear, state: “¢ = 
angle of internal friction has values usually be- 
tween 20° and 50° and most commonly not far from 
30°.” Handin and Hager,” in a critical study of the 
same work, assign the following angles of internal 
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friction to groups of rocks: (see Figs. 41 to 43 in 
ref. 12) 


Angle of 
Rock Group Internal Friction 
Brittle 
Slightly ductile @ = 25° to 43° 
Ductile @ = 18° to 35° 


Many rocks tested by these researchers had an 
angle less than the critical angle of ¢ = 36.8°. The 
reader should also be aware that this critical slope 
can intercept the shear axis Y at any value (in the 
case of the rocks tested until now, between 100 and 
6340 psi). 

Using straight-line expressions for the envelopes, 
the influence of confinement is not adequately taken 
into consideration. It is known from triaxial testing 
that with increased confinement and greater depth, 
all envelopes will tend to become more and more 
horizontal. In other words a rock which shows brit- 
tle behavior and tensile fracture when tested in a 
laboratory will finally fail in shear under sufficient 
confinement. 

This ambiguous behavior of rocks should be con- 
sidered when discussing the influence of strength on 
the behavior of brittle materials at failure. Trans- 
ferring the results from tests of one rock to any 
other rock is bound to lead to unsupported con- 
clusions. In the most common field of rock mechanics 
(roof control, comminution, drilling, and blasting) 
one very often finds strength properties proposed 
that are hardly of any significance in that particular 
type of testing. 

Furthermore, too little consideration is given to 
the degree of confinement under which a rock is 
fractured in a particular operation. While, in the 
case of comminution, rocks can be assumed to be 
more or less independent of confinement, this is 
certainly not so with roof control and most cases of 
drilling and blasting. Up to now, however, most of 
our knowledge in these two fields comes from tests 
of small specimens studied at atmospheric pressure. 
In deep well drilling, as in well fracturing, there is 
almost complete confinement. 

Having in mind a unified theory for the failure 
of a brittle material, the influence of shearing 
strength on the failure of rocks as induced by mining 
activities will be discussed. 

Rock Failure in Ground Support: The case of rock 
failure in ground support will be treated first, in a 
very general way, by quoting Beringer*—the chapter 
on “Pressure Problems” as encountered on the Rand. 
He states: “The subject matter may be clarified if it 
be accepted that at different depths different prob- 
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Fig. 4—Schematic Mohr’s envelope of a rock with equal 
tensile and shear stress. 

lems will be encountered; here it might again be 
emphasized that sweeping statements generalizing 
on this or that type of support are distinctly out of 
place and misleading unless depth below surface be 
considered. In this manner it will be possible to dis- 
cuss Pressure Zones . . .” He predicts that rock- 
bursts, encountered from some 4000 ft to 6000 ft 
below surface, will be lessened in their intensity at 
6000 to 8500 ft and that at the zone of ultra-deep 
mining, assumed at 8500 to 12,000 ft, “the rapid 
closure of the workings will approximate in prin- 
ciple to caving methods; rock bursts will be uncom- 
mon...” The similarity of these rock pressure 
phenomena with the modes of failures of rocks in 
the testing machine, and ranging from brittle to 
ductile fracture, is indeed intriguing. 

The ambiguous behavior of brittle materials is 
also shown by coal. While cubes of coal explode 
under uniaxial compression, they squeeze if the 
ratio of the width of a specimen to its thickness is 
increased above 5.0, or if moderate confining pres- 
sure is applied. It is therefore unrealistic to apply 
the data from the failure of a cube in the testing 
machine to the failure of a coal pillar underground. 
Holland” gives a most interesting discussion of past 
and present investigations and observations. How- 
ever, he does not avail himself of more recent con- 
cepts of rock pressure when he concludes, from the 
fact that pillars did not fail, that “the maximum 
stress (in a pillar) does not reach as great a value 
as theoretical considerations and laboratory experi- 
mental methods indicate . . . The stress in the pillar 
walls would have been about 18,000 psi, yet the 
pillars showed little or no evidence of weight.” He 


Table II. Principal Stress Relationships of Some Coals* 


Validity Up te 
in Pst 
Bibliog- Orientation of Compressive Stress Point of Extra 
raphy Ne. Investigator Type of Coal Sample Axis Strength, Psi Seahowsate Tangency elated. 
21 Mueller U Silesian ? 2800 S: = 2800 + 6.65, 1200 1500 
Murrell Cwmtillery Bedding plane perpendicular 1550 S: = 1550 + 5.1455 1900 2300 
axis, major cleat parallel 
23 Murrell Barnsley, hard Same 6210 S; = 6210 + 4.5Ss 2000 2200 


* Resulting from graphical solution. 
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is apparently not aware of the increase of compres- 
sive strength of coal due to constraint. To check 
this, the principal stress relationships of the coals 
listed in Table I have been determined by graphical 
solution and are listed in Table II. A glance at the 
formulas for the principal stress relationship shows 
that at an assumed depth of 2000 ft the three coals 
would have reached a theoretical compressive stress 
of 16,000, 11,830, and 15,210 psi, respectively, which 
is not too far from the 18,000 psi postulated above. 

The mode of failure of these three coals can be 
obtained from the data in column 8 of Table I and 
the limiting conditions shown on Fig. 4. If, in the 
equation of Mohr’s envelope, the coefficient of X 
becomes equal or less than 0.75, shear failure will 
prevail. Coefficients of the three coals are 0.8, 1.2, 
and 0.8, respectively; they are very close to 0.75 
and will become still smaller with increasing con- 
straint. Coals will squeeze rather than fail abruptly 
as the unconfined compression test may have indi- 
cated. 

Drilling: Rock mechanics in drilling depend on 
whether the rock is worn down by sliding abrasion, 
as in rotary drilling, or is chipped and crushed, as 
in percussion drilling. In many cases both principles 
are active, or are purposely combined as in rotary 
percussion drilling. Significant rock properties in 
any of the above cases range from shear strength, 
in the case of rotary drilling, to compressive (or 
impact) strength, in the case of percussion drilling. 
Merchant” in his study of the basic mechanics of 
metal cutting uses shear strength as the most in- 
fluencing property. The mathematics of the theory 
of drilling were established in 1921 by L. Prandtl”. 
It was not until 30 years later that the application 
of his theory to the various types of drilling was 
studied by Kuehne” and Cunningham’ The geometry 
of the chips obtained by Goodrich” checks very 
closely with those postulated by Prandtl. By his 
theory, similar values of shear strength correlate 
with similar geometry of the fragments. Goodrich 
comments on the fact that chip geometry seems to 
be the same regardless of material. The small spread 
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of the values of shear strength listed in Table I 
might possibly explain this. 

Blasting: The significance of rock properties seems 
to be better understood in the case of blasting. Two 
things take place if an explosive charge is fired at 
the bottom of a hole: 1) Gas pressure produces a 
relatively small zone of crushed rock near the ex- 
plosion, the extent of which depends on the ratio 
of the amplitude of the compressive stress pulse to 
the compressive strength of the material. 2) Beyond 
the crushed zone the wave pulse travels outward in 
all directions losing its energy rapidly due to scat- 
tering and absorption. 

No more fracturing would occur if not for the 
presence of free faces (tunnel face in the case of a 
horizontal blast hole, surface in the case of a verti- 
cal blasthole, well wall in the case of a fracturing 
process, or any discontinuity in bedded formations), 
all of which reflect the shock wave as a tensile 
stress and a shear stress pulse. As with most rocks, 
the tensile and shear strength are much less than 
the compressive strength, and much additional frac- 
turing takes place. 

The point of interest here is that in this theory 
the rock properties evidenced are the same as those 
used in the construction of Mohr’s envelopes (See 
especially Fig. 4.) Hino’s blastability coefficient™ ” 
is expressed for the unconfined state by the ratio 
of compressive strength to tensile strength (Table I, 
column 9). Fig. 4 shows that this ratio can be easily 
transformed into the coefficient of X in the equation 
of Mohr’s envelope (Table I, column 8). 
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DEFLECTION OF MINE ROOF SUPPORTS 


ny design of a mine roof in bedded deposits which 
A ignores differential deflections at the supports 
can quickly lead to dangerous overstressing. As 
illustrated by the typical case presented on page 
1029, if one support deflects only 0.1 in. more than 
its neighbor, stresses 50 pct higher than anticipated 
will result. 

Previous studies'* have assumed that the mine roof 
acts like a beam clamped at both ends, with no de- 
flection or slope‘ at the supports (Fig. 1). Essentially 
this assumes:** 6, = @, = 0 and d, = d, = 0. 


However, a host of conditions can cause differen- 
tial sag or deflection at one support, and even an ap- 
parently trivial deviation can have major conse- 
quences in the beam: variations in spacing, size, and 
material of supports; local settlement due to floor 
heaving or lower mine openings; non-uniformity in 
wedging or bolt tensioning.’ In one particular in- 
stance concrete pillars, poured in place, shrank away 
from the roof upon setting.’ 

When understood and controlled, differential sag 
becomes a definite advantage, permitting the trans- 
fer of loads from one support to another. Where one 
support is a bolt or prop and the other a pillar or 
rib, the load on the former can be reduced while the 
load on the pillar or rib is increased. This means two 
things: 1) savings can be effected by using smaller 
artificial supports such as props and bolts and 2) 
loads can be increased in the rib to induce eventual 
failure for longwall caving. In this last respect, an- 
other factor underlying coal bumps becomes under- 
standable. 

The design of a mine roof by beam theory assumes 
that when a bedded formation is homogeneous, iso- 
tropic, and elastic, it will act like a uniformly loaded 
beam, fixed or clamped at both ends,* as in Fig. 1.” 
These are important assumptions. 

The uniform load is the weight of the beam itself 
or its body load. For a beam of unit width, this load 
becomes per foot: w = yhb. 


w = uniform load 

y = specific weight, lb per ft’ 

h = depth or thickness of beam, ft 
b = width of beam, ft 


Since b = 1, 
w = yh [1] 


A beam fixed at both supports is statically inde- 
terminate to the second degree, that is, two equa- 
tions in addition to those for static equilibrium are 
required to determine the reactions at the supports. 
These equations result from the geometry. 

From statistics: 


L 
3M, = 0; My + M,— Ral. = 0 [3] 


Using superposition in which the left support is 
kept intact and the right one resolved into an active 
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force and moment, we obtain from Fig. 2:” 
Os = On; + O22 + = 0 


= [4] 


dy = + des + dos 


wL' M, \ L’ 
3 EI 5] 


Where: Subscripts refer to position on axis of beam 


R = force, lb 
M = moment, ft-lb 
w = uniformly distributed load, lb per ft 
L = span, ft 
6 = slope, radians 
d = deflection, ft 
E = Young’s Modulus, lb per ft* 
I = Moment of inertia about the neutral axis, ft* 


Solving Eqs. 2 through 5 for the four unknown re- 
actions, we obtain: 


[6] 
[7] 


[8] 


wL 

R, [9] 
Fig. 3 is obtained by plotting M, and M, vs d, and 
then plotting R, and R, vs d, and adjusting their 
scales to coincide with M, and M, vs d,. It should be 
noted in Eqs. 6 and 7 that as d, increases, M, in- 
creases the same amount that M, decreases. Eqs. 8 
and 9 show a similar relationship between R, and R,. 
Proof that M, is the maximum absolute moment 

occurring in the beam is as follows: 


+) 3M, =0 


Rix — + M, = 0 


where M, = moment at x 
M, = —R,x + M, + 


dM, 
=-—R,+w2r 


wx 
2 


R,° 
2w 


where M,,,. = maximum positive moment 
Eqs. 6 and 8 into above: 


[10] 
For small ds: My > 
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wL? 
wL* 6EI 
When 
dM, R, 
= wL 72E"l 


The absolute value of M, is greater than the ab- 
solute value of M,,..; consequently, M, will be the 
basis of design, and M,,,.. can be checked. 

Comparison of the actual stresses, S, due to de- 
flection with the assumed stresses, S, (allowable 
modulus of rupture), for zero deflection is necessary. 


[6] 


If dg = 0: Mag = maximum moment @ d; = 0 
wL' 12 Mao 


Mu = and L’= 


Eq. 11 into Eq. 6: 
Elw 


M,=M d 
4 ao + B 


[14] 


That is: If the design is made on the basis of zero 
deflection, the ratio of actual stress to allowable 
stress is given by Eq. 14. 

By substituting typical values into Eq. 14, the 
order of magnitude of S/S, can be estimated.” 

For sandstone: 


E = 1.3 X 10° psi 
y = 0.0761 lb per in.* 
640 
s.= 160 psi 


1.5 x 1.3 x 10° x 0.0761 
160° 


=i+ 
* 


=14+5.8d 


[15] 


The S/S, ratio is very high for even trivial values 
of dy. 
If d, = 0.1 in. into Eq. 15, 


~ = 1.58 
Ss 26 


r 


The actual stress is over 50 pct more than the al- 
lowable, a very significant increase. 

This means that whenever deflection can not be 
calculated, it is best to strive for zero deflection. All 
supports should be kept as uniform as possible in size, 
material, and spacing. Where this can not be done, 
as when supports are adjacent to ribs and pillars, 
these variables should be adjusted to minimize the 
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Fig. 1—Properties of a beam with both ends built in. 
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Fig. 2—Components of deformation. 
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DEFLECTION aT B 


differential deflections. Where there are lower work- 
ings, supports should be aligned directly above one 
another. Floor heave should be carefully observed 
to prevent unsafe conditions in the roof. Maximum 
and uniform pre-stressing of bolts and props is 
necessary and must be maintained. 

When a deflection ds; is known to occur, the roof 
span L should be calculated on the basis of Eq. 6 and 
checked by Eq. 10. 

An advantage can be obtained in certain cases 
by permitting controlled deflection through the use 
of crush blocks. In coal mining, no attempt is made 
to support the main roof by props;” the roof is per- 
mitted to deflect and crush the blocking without im- 
pairing the structural integrity of the props and 
their ability to support the immediate roof. When the 
immediate roof itself is still not loaded to its allow- 
able stress, additional deflection of the crush blocks 
will reduce the load on the props while increasing 
the stress in the roof. (See Eqs. 6 through 10). If the 
span is predetermined, and is less than the allowable 
span, the problem is most easily solved by use of Fig. 
3, which is accompanied here by a sample problem. 
When more than one adjacent support deflects, the 
solution must be repeated from span to span. 

Conversely, as R, decreases R, increases. Sufficient 
increase in R, can lead to conditions suitable for 
longwall caving by stressing the face toward failure 
as applied to coal mining. The particular situation 
should be analyzed with reference to the procedure 
presented here, rather than by blind use of the 
equation, since they themselves contain the assumed 
restriction 6, = 0. Fig. 4 illustrates this roof action. 

Conclusion: When a mine roof is designed for 
maximum safe span, it is usually assumed that the 


wL' 6EI W 
| 
Since 
Mc bh® h 
S = — and = —— = —,c = — 
I 12 12 2 
6M 
6 6 
Eqs. 1 and 13 into Eq. 12: nS 
Ss 1.5E 
S, S, = 
| 


AND 


/R, 
/ 


Fig. 3—Moment and reaction vs deflection, with both 
ends built in. Since d, >O and R,.>O, values cannot 
exist in shaded areas. Sample problem at right. 


7 FAILURE 


Fig. 4—Elements of roof during longwall por Both 
supports B and C deflect, but since d,>>dz, roof fail- 
ure will occur as illustrated above. Working face-A is 
loaded by wl./2 and additionally by the deflection at B. 


differential deflection of the supports is zero. How- 
ever, should an apparently insignificant deflection 
exist, stresses in the roof can quickly exceed the 
allowables. Consequently, where these deflections 
are indeterminate, strong measures should be taken 
to minimize them and if possible to make them zero. 

When a mine roof is designed for some convenient 
lesser span, controlled, permissive deflection will re- 
sult in lower loads on the props or bolts. 

A corollary action increases the load on the other 
support. If this is the rib, conditions favorable to 
longwall caving can be induced in the working face. 
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SAMPLE PROBLEM 


—E=1.3 x 10° psi 
= 0.0761 Ib per in.” Sandstone 
640 


S.F. = Safety factor = 4 
h = bed thickness = 3 ft 
L = existing roof span = 25 ft 
w= yh 
Mais = allowable moment in roof 
Mes = existing moment in roof 


Sri 160 x 144 
= 


Cc 15 2 
= 1728 20 ft-lb 
wl? 0.0761 x 1728 x 3 x 625 


Mari = 1.68 Moe = 1.68 
Through 
M =1.68 (—) draw a horizontal line as shown. 


Any moment below this value is permissible. If 

it is desired to load the roof up to the allow- 

able moment, draw a vertical line at the intersec- 

tion of this horizontal line and M,. Its abscissa 

of 0.7 e- ) gives the permissive differ- 

ential deflection of support B or d,. The a 
w 

=) 

with R,, and R,, represents the load at these 


wl 
supports, in this case 3(—) and 47 


section of this vertical line d, = 0.7 


) 


Therefore: 


wl 
d, = 0.7 ( = 
72E! 


0.0761 x 1728 x 3 x 25° 


72 x 13x — ) 
== 0.00356 ft 


(= x 1728 x 3 x 25 
12 


73 (= x 1728 x 3 x 
? 12 


J 3x 25 
x 40 b 


which not only gives the load transferred from B to A, but 


6000 + 3880 
also checks the result, since: 4940 — —aee 


” R. Peele: Mining Engineers’ Handbook, 3rd ed., pp. 43-44. John 
Wiley & Sons, New York, 1941. 

Timoshenko and G. H. MacCullough: Elements of 
of Materials, 3rd ed., pp. 182-184. D. Van Nostrand Co., 9, Dp. 
182-184. 

2S. L. Physical Properties of Mine Rock, Parts I and 
Il. _ 4459 and 4727, 1949 and 1950. 

3E. N. Zern: Coal Miner’s Pocketbook, p. 704. McGraw-Hill 
Book Co. Inc., New York, 1928. 
"Discussion of this article sent (2 copies) to ‘AIME before Nov. 30, 
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RY \2 
\ 
—— = 160 psi f 
( 
Ms 
= 
| 
) 
I> 
11.9 ft-lb 
-6. -7.-6. 4 “4 4a 5. 8 Mas 20 
/ wl?’ = — = 1.68 
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Myf 
=8 
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wl 
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RELATION OF LAND SUBSIDENCE T0 
GROUND-WATER WITHDRAWALS IN THE 
UPPER GULF COAST REGION, TEXAS 


ubsidence has occurred in several areas of the 
S upper Gulf Coast region of Texas, although in 
most cases this is not evident without precise in- 
strumental leveling. 

As referred to in this report, the region com- 
prises about 7200 sq miles of the Gulf Coastal Plain 
and includes all or parts of the following counties: 
Harris, Fort Bend, Waller, Brazoria, Galveston, 


Liberty, Chambers, Orange, and Jefferson (Fig. 1). 
Topographic relief is low, ranging from sea level 
at the Gulf of Mexico to 300 ft or more in north- 
western Harris County. 

In this upper Gulf Coast region, which embraces 
the most heavily populated and industrialized parts 
of Texas, industrial and municipal water supply is 


obtained chiefly from wells. Largest center of 
ground-water withdrawal is the Houston-Baytown 
area, where about 200 million gallons per day was 
pumped in 1956 for municipal and industrial use. 
Other large centers of ground-water withdrawal 
include the Alta Loma sector and the heavily in- 
dustrialized Texas City area in Galveston County, 
where about 23 mgd was pumped in 1956. In the 
Freeport area in Brazoria County about 6 mgd was 
pumped in 1956 for city and industrial supply. 

In addition to withdrawals in metropolitan dis- 
tricts, great quantities of ground water are supplied 
by irrigation wells to thousands of acres of rice. 
These wells are widely dispersed over many miles, 
principally in Harris, Waller, Fort Bend, Brazoria, 
and Liberty counties, and effects of pumping are 
not so readily noticed as in the industrial and metro- 
politan sectors. 

Subsidence: Starting with the 1905-1906 line from 
Smithville, Tex., to Galveston, the U.S. Coast and 
Geodetic Survey has extended a network of first 
and second-order level lines throughout the upper 
Gulf Coast region. In 1918, when a line was run 
from Sinton, Tex., to New Orleans, La., a tie was 


A. G. WINSLOW and i. A. WOOD are with the U. S. Geologi- 
cal Survey, Austin, Tex. TP 59H2. Manuscript, Feb. 20, 1959. San 
Francisco Meeting, February 1959. AIME Trans., Vol. 214, 1959. 
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made to the 1905 leveling at Houston. In 1932-1933 
a line was run from Palestine, Tex., to Houston, and 
a good deal of leveling was carried out in the vicin- 
ity of Houston. At this time the entire network was 
adjusted to the Sea Level Datum of 1929. 

In 1935-1936 and 1942-1943 several new lines 
were run and considerable releveling was performed. 
Supplementary adjustments were made after both 
the 1936 and 1943 levelings. in order to reduce the 
elevations to the Sea Level Datum of 1929. These ad- 
justments probably masked some of the subsidence 
that had occurred up to that time, although a cer- 
tain amount of subsidence was noticed in the 1943 
leveling. 

When several lines in the vicinity of Houston and 
Galveston were releveled in 1951, the regional nature 
of the subsidence became apparent.’ Direct compari- 
son with the 1943 leveling was possible because the 
datum was not changed. Comparisons with prior 
leveling were unreliable because of differences in 
the early and subsequent datums. 

In 1953-1954 many lines in the region were re- 
leveled and in 1957 the entire network, including 
the elevations previously determined, was readjusted 
to determine the changes in elevations as indicated 
by various levelings between 1905 and 1953-1954. 
In this instance the adjusted elevations were held 
fixed near the boundaries of the region where the 
bench marks seem to have remained stable. The 
only sea-level connection held fixed was the con- 
nection of the 1905 leveling to the 1903-1906 tidal 
series at Galveston. 

Almost the entire region has been at least slightly 
affected by the subsidence, some areas to a great ex- 
tent. The profiles of subsidence (Fig. 2) and the 
map showing the contours (Fig. 3) illustrate both 
regional and local changes. 

A large area of subsidence is centered in the 
Houston-Baytown district, where the maximum re- 
corded is about 2.7 ft between 1905 and 1954. This 
probably falls short of the actual maximum, since 
land surface subsided as much as 2.5 ft in the in- 
dustrial section alone between 1943 and 1954. Sub- 


ce 


sidence in the Houston-Baytown area as a whole 
has been on a rather broad scale; in only a few local- 
ities do great variations occur within short distances. 
For this reason there is little visible surface evi- 
dence. In several places, however, particularly in 
the industrial section, certain features can be at- 
tributed to subsidence. In some instances deep-set 
well casings protrude from the ground where the 
land surface has subsided. In others there is sur- 
face evidence of faulting which may be related to 
subsidence. 

The Texas City area has experienced more local 
subsidence than the Houston-Baytown vicinity 
(Figs. 2 and 3); both profile and contour map reveal 
great differences in the amount that has occurred 
within short horizontal distances. This differential 
subsidence has had visible results in the immediate 
vicinity of Texas City—protruding well casings, 
clogged sewers, and broken pipelines. Maximum 
subsidence along the line of profile (Fig. 2) has 
been about 3.5 ft between 1905 and 1954, but this 
line does not run through the industrial section, 
where even greater amounts have occurred. Indus- 
trial representatives in the area report a total of 
more than 4 ft. 

Another subsidence center in the upper Gulf 
Coast region appears to be the Beaumont-Port 
Arthur-Orange area, where there is a concentration 
of industry. The total here is probably not as great 
as in the Houston-Baytown or Texas City sectors; 
however, there is a rather large area in which the 
land surface has subsided at least 0.25 ft in the years 
1918 to 1954. During the same period about 1 ft of 


local subsidence took place in this area in the im- 
mediate vicinity of Spindletop oil field. 

Another small area is centered at Freeport, where 
there is a concentration of industry and ground- 
water withdrawal from shallow sands. Subsidence 
here has been on a small scale; a maximum of about 
0.5 ft was recorded during the perid 1943-1951. 
Record of earlier subsidence at Freeport is not 
available. 

Geology and Hydrology: The upper Gulf Coast 
region of Texas is underlain by a thick sequence of 
unconsolidated fresh-water-bearing sands, sandy 
clays, and clays. Geological formations comprising 
the aquifers include the Lagarto clay of Miocene (7?) 
age, the Goliad sand of Pliocene age, the Willis sand 
of Pliocene (?) age, the Lissie formation and the 
Beaumont clay, both of Pleistocene age. The forma- 
tions consist largely of alternating beds of sand and 
clay; most individual beds are lenticular and not 
persistent over great distances. 

Some of the formations consist predominantly of 
sand, others predominantly of clay. The Lagarto is 
principally clay but contains layers of sand, mostly 
fine to medium-grained. 

The Goliad and Willis sands and the Lissie for- 
mation are not distinguished in the subsurface and 
are generally referred to locally as Lissie. The so- 
called Lissie is largely sand, which occurs primarily 
as discontinuous lenses interbedded with clay. The 
Lissie is the principal aquifier in the Houston area. 

The Beaumont clay is composed of two members 
—the Alta Loma member and the upper member. 
The Alta Loma is primarily a massive sand bed, 
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ig. 1—Map of the upper Gulf Coast region, Texas. Subsidence of selected bench marks is shown in Fig. 5. 
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Fig. 2—Subsidence of the land surface along the lines 
A-A’ and B-B’ in the upper Gulf Coast region of Texas, 
1953-1954. Locations of profiles are shown in Fig. 1. 


though it does have a few clay layers. The most 
persistent single sand bed in the region, it can be 
traced from Freeport to the Louisiana line. It is the 
main aquifier in Galveston County, southeastern 
Harris County, and Orange County. 

The upper member of the Beaumont clay consists 
chiefly of clay but contains thin lenticular beds of 
sand, most of it fine-grained. This member supplies 
comparatively large quantities of water to municipal 
and industrial wells in the Texas City area. 

Geologic structure of the region is relatively 
simple. The formations crop out in bands roughly 
parallel to the coast and dip gently toward it. The 
older water-bearing beds dip 20 to 30 ft per mile; 
the younger ones may dip less than 10 ft per mile. 
The beds are disrupted locally by salt domes, some 
more than a mile in diameter, which nearly reach 
the surface in several places. No large-scale fault- 
ing has been observed in the younger beds, but 
there are many small-scale faults. 

Although the principal water-producing zones in 
the upper Gulf Coast region are more or less dis- 
tinct locally, they are all in hydraulic connection 
and regionally may be considered as a unit. Move- 
ment of water through the aquifer before ground- 
water withdrawals began has been described as fol- 
lows (Ref. 2, p. 388): “Water moves from the intake 
areas down the dip of the beds, and when it passes 
beneath a confining layer (bed of lower perme- 
ability) artesian conditions are established. As soon 
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Fig. 3—Subsidence of the land surface in the upper Gulf Coast region of Texas during the period 1943-1954. 
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Fig. 4—Decline of artesian pressure head in the Katy- 
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as these conditions occur, water will move upward 
through the clays (or beds of lower permeability) 
as well as laterally through the sands although .. . 
the vertical movement will be at a much lower 
rate than the lateral movement.” Under such con- 
ditions both a vertical and lateral pressure gradient 
will be established and water will ultimately be 
discharged at land surface. The artesian pressure 
provides a buoyant effect that helps to support the 
aquifer (Ref. 3, p. 458). 

Development of large ground-water supplies and 
consequent lowering of artesian pressure in the 
upper Gulf Coast region has disturbed the natural 
hydraulic gradients in the aquifer. Some sands have 
been pumped more heavily than others, and because 
of differences in permeability and the remoteness 
of hydraulic connection, pressure heads in different 
sands now vary greatly with depth. Fig. 4 shows 
the decline in artesian pressure head in the most 
heavily pumped sands in the Houston-Baytown area 
during the period 1943-1954; this is a composite of 
the decline in many individual sands, as most of the 
observation wells are screened in several. 

Ground-water withdrawals in Harris County have 
been concentrated in three districts: 1) the Pasa- 
dena-Baytown area, where the water has been used 
mostly for industry; 2) the Houston area, where it 
is used chiefly for municipal purposes; and 3) the 
Katy rice-irrigation sector. In the Pasadena-Bay- 
town district industrial demands have led to the 
concentration of wells within short distances, caus- 
ing excessive water-level declines—especially in the 
vicinity of Pasadena, as shown in Fig. 4. In the 
Houston sector withdrawals have been largely from 
Houston’s municipal wells, which are fairly well 
distributed throughout the city. This has resulted 
in more widespread and uniform decline of water 
levels than in the Pasadena-Baytown area. In the 
Katy rice-irrigation area the wells are even more 
widely dispersed and declines are less. 

Although most ground-water withdrawals in 
Harris County have been from the Lissie, in the 
Baytown area and southeastern part of the county 
and in Galveston County the principal aquifer is 
the Alta Loma sand member of the Beaumont clay. 
In the Alta Loma area of Galveston County the 
development was started in 1898. Since that time 
water levels have declined some 150 ft, mostly prior 
to 1945. 


In the Texas City area the principal aquifer is 
now the upper part of the Beaumont clay, but be- 
fore 1948 larger quantities of water were pumped 
from the Alta Loma sand member. Problems relat- 
ing to encroachment of salt water and the land- 
surface subsidence in the Texas City area resulted 
in partial abandonment of the Alta Loma as an 
aquifer in that locality when surface water was 
made available in 1948. This raised the Alta Loma 
water levels, which previously had dropped con- 
siderably. Continued withdrawals from the upper 
member of the Beaumont clay have lowered levels 
in that part of the aquifer, but in recent years the 
rate of decline has been very slow. 

Withdrawals in the Beaumont-Port Arthur- 
Orange area have been concentrated largely in the 
Alta Loma sand, but declines in water levels have 
not been great. Considerable amounts were formerly 
withdrawn from the Beaumont-Port Arthur sector, 
but practically all the wells in that vicinity have 
been abandoned because of the encroachment of 
salt water. Most of the ground-water withdrawal at 
present is in the Orange district. 


Causes of Subsidence: Land-surface subsidence 
caused by removal of ground water or other fluids 
has been observed in many places, and the mechan- 
ics of the processes involved have been investigated. 
Meinzer (Ref. 4, p. 90-93) states that in an artesian 
system the artesian pressure helps support the 
framework of the aquifer and that when the artesian 
pressure is lowered water is released from storage 
in the aquifer and the beds are compacted. He says 
also (Ref. 3, p. 458) that most of the compression 
takes place in the finer-grained materials. Tolman 
(Ref. 5, pp. 328-329) states that where an aquifer 
is confined by slightly permeable beds, the reduc- 
tion in pressure heads in the sands will create a 
hydraulic gradient from the confining beds toward 
the sand and water will move slowly from the 
slightly permeable beds into the sand. 

Poland and Davis (Ref. 6, pp. 294-295) have sum- 
marized possible causes of subsidence as follows: 1) 
loading at land surface, 2) vibrations at or near 
land surface, 3) compaction due to irrigation and 
farming, 4) solution due to irrigation, 5) drying out 
and shrinking of deposits, 6) oxidation of organic 
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material, 7) lowering of water table, 8) decline of 
pressure head in confined aquifers, 9) decline of 
pressure in oil zones due to removal of oil and gas, 
and 10) tectonic movement. 

The first six of these possible causes of subsidence 
probably do not apply in the upper Gulf Coast 
region of Texas. Lowering of the water table is quite 
possibly one of the contributing causes of subsidence 
in the region, but direct evidence of this is lacking. 
An obvious case of subsidence caused by decline of 
pressure in oil zones due to removal of oil and gas 
is furnished by the profile at Spindletop (Fig. 2). 
Land-surface subsidence has been observed in other 
oil fields in the region, and subsidence in the Goose 
Creek field in eastern Harris County has been des- 
cribed by Pratt and Johnson.’ 

Tectonic movement may be a cause of subsidence, 
since obvious displacement has been noted along 
some of the many small faults known to exist in 
the region. It is not clear, however, whether the dis- 
placement is the result of strictly tectonic move- 
ments or whether the faulting is related to subsi- 
dence in the region due to removal of ground water 
or other fluids. 

The principal and certainly most obvious cause 
of subsidence in the upper Gulf Coast region of 
Texas is the decline of artesian pressure head. Fig. 5 
shows a remarkable coincidence between graphs of 
subsidence of individual bench marks and graphs 
of decline in water levels (artesian pressure head) 
in nearby wells. In the Houston area the ratio of 
approximately 1 ft of subsidence to 100 ft of decline 
of artesian pressure head has remained fairly con- 
stant throughout the period of record. In the Texas 
City area the ratio is greater. 

Further evidence of relation between subsidence 


and decline of artesian pressure head is afforded by 
comparison of Figs. 3 and 4. Resemblance of the 
two maps is apparent. Subsidence has centered in 
the industrial area near Pasadena where the arte- 
sian pressure head has declined the most, becoming 
less at great distances from the area of large pres- 
sure declines in the industrial sector. 


Relation of Volume of Subsidence to Volume of 
Ground Water Withdrawn: When the fine-grained 
materials in the fresh-water-bearing section com- 
pact, the volume of pore space lost by compaction is 
equal to the volume of subsidence. The volume of 
water yielded from storage in the clays can be 
determined by computing the volume of subsidence 
(1 ft of subsidence yields 1 ft of water). The data 
needed to compute accurately the volume of sub- 
sidence in the upper Gulf Coast region are not 
available; however, an approximate volume for part 
of the region can be determined from the subsidence 
contours in Fig. 3. An estimated 3.4x10” cu ft of 
subsidence took place between 1943 and 1954 in that 
part of the region influenced by ground-water with- 
drawals in the Katy-Houston-Pasadena-Baytown 
areas. During the same period about 114 x 10” gal 
was withdrawn from wells in the same area. Con- 
verting the volume of subsidence to gallons of water 
(3.4 x 10” cu ft = 25.4 x 10” gal), it can be seen 
that 25.4 or about 22 pct of the water pumped in the 

114 
Katy-Houston-Pasadena-Baytown area represents 
water that had been stored in the fine-grained mate- 
rials. Quality and quantity of data preclude an exact 
answer, but 22 pct is believed to be of the correct 
order of magnitude. 
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Effects of Subsidence: Continued land-surface 
subsidence in the region has had and will have 
certain undesirable effects. In the Texas City area 
structural difficulties have already occurred—pro- 
truding well casings, broken pipelines, reversed 
flow in sewage lines, and cracked foundations. In 
the Houston-Baytown area, where the process has 
been more on a regional scale, there have been com- 
paratively few problems of this kind that can be 
attributed definitely to subsidence of the land sur- 
face, but in places where well casings have failed 
and foundations and highways have cracked, sub- 
sidence may have been the cause. The threat to 
structures throughout the area has been a matter of 
concern to industry, and plans for construction have 
been modified acordingly. 

Another effect of subsidence has been lowering 
of land in the coastal areas. Part of the Baytown 
district once used for grazing is now tideland. In 
the Texas City area some of the land formerly be- 
lieved high enough above sea level to be safe from 
hurricane tides is now subject to inundation during 
hurricanes. 

The few effects that might be considered beneficial 
should be mentioned. About one fifth of the water 
made available to wells in the region has been 
freed from the fine-grained materials as the land 
subsided, obviating the need for greater pumping 
lifts. Furthermore, subsidence has centered in the 
Houston ship channel area, deepening the channel 
so that less dredging is required. 

The question of first importance in any discussion 
of the subject is what is going to happen in this re- 
gion in the future. Subsidence will probably con- 
tinue indefinitely even if ground-water withdrawals 
are not increased, because the head in the shallow 
sands will continue to decline as it adjusts to the 
lower heads in the deeper sands. Reasonably accu- 
rate quantitative predictions of the future of sub- 
sidence in the region will require a much better 
knowledge of the causes and mechanics and the 
actual details of what is happening in the region. 
More research and collection of basic data are 
needed. The U. S. Coast and Geodetic Survey has 
proposed releveling every five years in this region, 
but the most important lines should be releveled 
more often, and additional level lines should be in- 
stalled. 


This report is based on data obtained during 
ground-water investigations made by the U. S. Geo- 
logical Survey in cooperation with the Texas Board 
of Water Engineers and the cities of Houston and 
Galveston. 
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THE ELECTRONIC COMPUTER AND STATISTICS 
FOR PREDICTING ORE RECOVERY 


by ROBERT F. SHURTZ 


The author proposes a method 
used with some success on a magnesite deposit 
at Gabbs, Nev. He believes this procedure 
to be more sound than the blind practice 
of assigning uniform quality to large, hen an ore deposit is evaluated on the basis of 
. . core sampling, questions always arise as to how 
sometimes vast blocks or ore on the basis of much weight should be given the various sample 
analyses made of a small number of samples. grades and how the deposit should be divided into 
specific volumes assigned to corresponding grades. 
For a tabular deposit it is customary to use the so- 
called zone-of-influence. This zone is usually de- 
fined as the polygon in the plane of the deposit hav- 
ing corners halfway between a given core drill 
intersection and each of the nearest neighboring in- 
tersections. The volume of the ore in this polygon is 
assigned the analysis obtained from the drill core 
taken at the intersection. In massive or irregular 
deposits, volumes of various shapes may be defined 
with respect to the locations of drill core samples. 
These volumes may be regarded as three-dimen- 
sional zones-of-influence; the theory involved in as- 
signing the values of the central analyses to the 
ore in the volumes is the same as that used in the 
case of a tabular deposit. 
The zone-of-influence method was used in evalu- 
ating one of the magnesite deposits at Gabbs, Nev.’* 


R. F. SHURTZ, Member AIME, is Assistant to the Vice Presi- 
dent, Basic Inc., Cleveland, Ohio. TP 4817 |. Manuscript, Aug. 13, 
1959. AIME Trans., Vol. 214, 1959. 
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Original estimates of ore tonnages falling in the 
various ranges of quality were based on almost 5000 
analyses of core samples from about 100 core drill- 
holes. On the basis of this drilling a pit was designed 


for mining as much of the magnesite as possible 
without removing an excessive amount of the 
dolomite irregularly surrounding the deposit. The 
pit was then divided into horizontal benches 10 ft 
thick for mining. Each bench was subdivided into 
100-ft squares and each square assigned the average 
grade of the drill intersection it contained. There 


were one to four intersections in each square, 
usually less than four. The concentrations of both 
lime and silica were considered in making the early 
estimates, although later experience has shown that 
control of the silica is relatively easy. For this reason 
the following discussion will be limited to the prob- 
lem of lime concentrations. 

Early experience in mining this deposit selectively 
showed that recovery of high-grade magnesite ore 
was substantially less than the proportion of high- 
grade ore calculated from the core-drilling results. 
Since it was known that this reduced recovery could 
not be attributed to poor operation in the quarry, a 
method was sought that would correct the estimates 
of ore tonnages falling within the desired ranges of 
quality. 

At first a correction was made by calculating an 
experience factor equal to the ratio between the 
amount of each grade of ore recovered and the 
amount of the corresponding grade of ore estimated 
from the core drilling results. However, it was be- 
lieved that the factors so derived could not be ap- 
plied with confidence to the whole deposit, since 
their values must certainly depend heavily on the 
grade and distribution of ore in the first portion 
removed by mining. That portion happened to be of 
substantially lower grade than the average esti- 
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mated for the whole deposit. It was suspected, 
therefore, that the experience factor for high-grade 
ore was smaller than it should be and that if this 
factor were applied to the whole deposit the total 
proportion of high-grade ore would be seriously 
underestimated. 

Alternative methods of estimating the distribution 
of reserves in the deposit were carefully investi- 
gated. Almost from the start, it was clear that the 
difficulty lay in the great variability of magnesite 
ore quality over short distances in the deposit. The 
vertical core drillholes, for the most part spaced 
roughly on a 100-ft square lattice, were obviously 
too far apart to provide accurate direct information 
on the proportion of ore falling within various 
ranges of quality. The blastholes, drilled on 6.5-ft 
centers, provided accurate data on this point, but 
this information differed radically from that ob- 
tained from the core drillholes. This divergence is 
believed due to the fact that sampling is systematic 
with both kinds of drillhole and therefore heavily 
dependent on the interrelation between drillhole 
spacing and distances in the deposit over which 
quasi-periodic variations of quality may occur.‘ Pre- 
liminary consideration of various methods showed 
that accurate correlation of the two sets of drill- 
hole data, though possible in principle, would be 
highly complicated and expensive to compute. 

The most forthright attack on this problem, and 
one that illustrates the principles involved, would 
be a two-dimensional harmonic analysis of varia- 
tion in the quality of each horizontal bench in the 
ore deposit, based on analyses of drill cores taken 
from that bench. However, such an analysis would 
necessitate simultaneous solution of a set of equa- 
tions containing as many variables as there are drill- 
holes through the bench. Since the number of holes 
is about 100 and the proposed quarry contains more 
than 40 benches, it is readily seen that a truly 
formidable amount of computation would be in- 
volved. 

Harmonic analysis would contemplate the varia- 
tions in quality as being due to periodic variations 
above and below the average quality of ore in a 
particular bench, and it is instructive to consider 
how the analyses from holes at large spacings are 
related to analyses from holes at smaller spacings 
in such a model of the quality variations. The 
periodic variations are regarded as sine and cosine 
waves of various lengths and amplitudes so oriented 
on a given bench that the positive and negative con- 
tributions of all these waves at any point added 
algebraically to the average lime concentration will 
approximate the lime concentration at that point on 
the bench. As the lengths of these waves are rational 
fractions of the linear dimensions of the bench, they 
do not require evaluation, that is, waves having 
lengths of 1/2, 1/3, 1/4, etc. of the linear dimensions 
of the bench must be considered. The number of 
these waves which can be summed together in a 
harmonic analysis is, therefore, equal to the number 
of observations of lime concentration made in the 
bench in question, that is, as great as the number of 
holes intersecting the bench in question. Although 
in the present instance this number is high enough 
to offer an appalling computation problem, it still is 
not sufficient to represent accurately the amplitude 
of the short waves when the initial long-period 
terms of the series are evaluated by the use of as- 
says from the coreholes, which are spaced for the 
most part on 100-ft centers. However, analyses 
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from these holes could be used to evaluate an arbi- 
trary group of the short-period terms selected as 
being most important on the basis of geologic con- 
siderations such as the spacing of joints, etc. In 
view of the uncertainties involved this was not car- 
ried out, even though it would have been interesting 
to see how the results came out. 

Attention was also given the possible use of auto- 
correlation coefficients between successive analyses 
along the vertical lengths of the drillholes, a scheme 
resembling the one proposed and employed by H. J. 
de Wijs.* If auto-correlation could be found in the 
cores over vertical distances of some substantial 
number of feet, it might be reasonable to assume 
that high-grade ore extended for about an equal 
distance from the location of an intersection. This 
plan, and modifications of the same idea, was aban- 
doned because geologic considerations showed that 
variation in quality over vertical distances in the 
deposit bears little or no resemblance to the varia- 
tion over horizontal distances. 

Consideration of the interdependence between 
sample sizes and the distribution of samples into 
quality ranges led finally to development and ap- 
plication of the procedure detailed in this article. 
To summarize briefly in advance, it may be pointed 
out that samples of individual mineral grains from 
the deposit would distribute themselves into only 
two classes of quality represented by the pure 
minerals magnesite and dolomite, since dolomite is 
the principal lime-bearing mineral involved. On the 
other hand, samples comparable in size to the size 
of the deposit itself would necessarily cluster very 
closely around the average lime concentration for 
the whole deposit, which is about 6.5 pct CaO. 
Therefore, as the size of the samples is continuously 
increased, there should be a transition from a bi- 
modal frequency distribution having all samples 
clustered at the ends of the range of quality be- 
tween magnesite and dolomite to the uni-modal 
distribution with all samples clustered closely 
around the average. Discontinuities in this cluster- 
ing tendency will be present because the samples 
are assumed to contain integral numbers of mineral 
grains. However, when samples containing as many 
as several hundred grains are considered, it is legiti- 
mate to treat the frequency distribution of samples 
over this range—from 0 to 30.4 pct lime—as being 
substantially continuous. Therefore, in discussing 
the interrelations between quality distributions in 
samples of drill core and in larger samples, it seems 
reasonable to regard the tendency toward clustering 
as being continuous. 

It will be argued in the following discussion that 
this tendency is closely related to the clustering 
that would be observed in averaging the lime con- 
centrations in groups containing equal numbers of 
drill core samples drawn at random from all the core 
samples actually taken from the deposit. In some re- 
spects this is similar to the relation between the 
probability of drawing a single ace in a poker hand 
and the probability of drawing 2, 3, or 4 aces, which 
is much less than that of drawing a single ace. A 
method will be proposed for evaluating this reduced 
probability of finding high-grade ore. That is to say, 
using the analogy of aces, it will be determined 
whether the probability relationship between a 
high-grade piece of drill core and a mineable unit 
of ore is most like the corresponding relationship 
between one ace and two, one ace and three, or one 
ace and four. An empirical method for determining 


this relationship using an electronic computer will 
be described, as well as an analytical method using 
procedures available from the theory of statistics. 

It is of considerable incidental interest to note 
that a quantitative measure can be placed on the 
reduced probability and that the reciprocal of this 
measure can be used to indicate the efficiency of the 
selective mining procedures employed. This recip- 
rocal can serve as a sort of precision constant for 
evaluating the effect of changes in mining practice. 


Reducing the Variance: The foregoing comments 
have all been of a general and qualitative nature. 
We now proceed to illustrate quantitatively how the 
clustering effect described above can be expected to 
take place as the size of samples is increased and 
how this effect can be evaluated. 

A reasonable quantitative measure for this clus- 
tering tendency must be selected. The variance, s’, 
of a group of samples is often used for this purpose; 
for reasons that will soon be apparent it is also con- 
venient to use it here. The variance for a group of 
analyses is computed by finding the average lime 
concentration for the group and then finding all the 
differences between this average and the concentra- 
tions of lime in the individual samples. The sum of 
the squares of these differences is the variance. It 
may readily be seen that all the differences, and the 
hence the variance, will be small when the concen- 
trations of lime fall closely around the average 
concentration, whereas the differences and variance 
will both be large when the concentrations of lime 
differ greatly from the average. With reference to 
an earlier statement that the distribution of lime 
analyses from individual grains would consist of 
two groups of values at 0 pct and 30.4 pct lime, 
whereas the distribution of lime analyses from very 
large samples would cluster near the average value 
of 6.5 pct, it becomes plain that the variance must 
undergo an overall decrease as the size of the sam- 
ples increases. 

When a great many analyses are available, it is 
customary to group them into grade intervals in 
order to simplify calculation of both the average, m, 
and the variance. Standard texts*’ on statistics give 
short cuts for accomplishing this, so only the funda- 
mental formulas need be given here: 


(1) 
n 1 


Table |. Observed Frequencies 


Grade Range, Designed Mined 
Interval Percent CaO Pit Ore 
0 Oto2 134 89 
1 2to4 66 73 
2 4to6 38 43 
3 6to8 30 24 
4 8 to 10 17 10 
5 10 to 12 20 25 
6 12 to 14 14 13 
7 14 to 16 10 14 
8 16 to 18 8 14 
9 18 to 20 6 3 
10 20 to 22 2 8 
11 22 to 24 8 6 
12 24 to 26 6 4 
13 26 to 28 6 7 
14 28 to 30 12 23 
15 30 to 32 7 18 
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In these equations x, is the value of the lime con- 
centration at the midpoint of a grade interval and 
f, the number of concentrations falling in that par- 
ticular interval. The mean or average value for the 
lime concentration is represented in Eq. 1 by m and 
the variance in Eq. 2 by s’*. 

It is of interest to calculate the means and vari- 
ances to be expected in the distributions of lime 
concentrations from hypothetical samples of extreme 
sizes taken from the deposit in question. The value 
for the average lime concentration, m, has been 
determined to be very close to 6.5 pct. In the ex- 
treme case in which samples are taken consisting of 
the whole deposit less one grain of mineral, there 
are as many possible samples as there are grains in 
the deposit and all these samples will show lime 
concentrations exceedingly close to 6.5 pct. What- 
ever number of samples might be taken, the values 
of x,—m in Eq. 2 are so small as to make the value 
of s* come out at zero for practical purposes. 

On the other hand, in samples consisting of single 
grains of mineral, these grains must, as already 
mentioned, be either of dolomite or magnesite. Since 
78.6 pct of the deposit consists of magnesite and 
21.4 pet of dolomite (excluding for present purposes 
the presence of other minerals), for any single grain 
picked at random the probability will be 0.214 that 
it is dolomite and 0.786 that it is magnesite. In 1000 
such samples the expected numbers of dolomite and 
magnesite grains will be 214 and 786 respectively. 
The mean of this distribution can be verified by cal- 
culation with Eq. 1 as follows: 


00 [ (0.214x30.4) + (0.786x0.00)] [3] 


m = 6.5 pet CaO 


The variance comes out as: 


100 [ (0.214x23.9°) + (0.786x6.5") ] 


155.4 [4] 


Column 3 of Table I lists 384 lime analyses se- 
lected from the total of several thousand by a ran- 
dom procedure to be described later. Substituting 
the values from Table I for the f, in Eq. 2 and using 
the percentages of lime at the midpoints of the 
grade intervals for the x,, the variance of this fre- 
quency distribution may be calculated to be 51.9. 

The three values just calculated for the expected 
variances of the distributions for examples of vari- 
ous sizes may be related to the sizes themselves. 
For this purpose, size of sample may be expressed in 
terms of the number of mineral grains it contains. 
Thus for samples of size 1, the variance is 155.4. The 
whole deposit is estimated to contain 5.95 x 10” 
grains averaging 150 mesh, and the expected vari- 
ance for samples approaching this size is 0. The core 
samples differ somewhat in size, but the average 
may be taken as a 5-ft cylinder of 2%-in. diam 
containing about 1.27 x 10° grains. The variance for 
the lime concentration in samples of this size is 
51.9. In Fig. 1 these three pairs of values are plotted 
as a curve showing the variance of expected distri- 
bution as a function of the logarithm of sample size. 
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Taking into account the methods adopted for the 
quarry at Gabbs, it can be estimated roughly that 
a 30x30x10-ft ore block is the smallest size that can 
be mined selectively. Such a block contains about 
4.19 x 10" mineral grains. When this point is also 
plotted in Fig. 1, it is observed that the variance of 
distribution of the lime concentrations in samples of 
this size may be expected to be about 17. The ratio 
between the variance expected from drill core sam- 
ples and the variance expected from mineable units 
is therefore approximately 3.1. This value is only a 
rough estimate, but because the abscissa is on a 
logarithmic scale it is not very sensitive to varia- 
tions in the estimated size of the mineable unit. 

It is now in order to show how the distributions 
of samples of different sizes may be related to one 
another in a wider sense. If, in the case of the mag- 
nesite deposit under consideration, it had been de- 
termined in advance that the mining method would 
not be capable of selecting units of ore smaller than 
30x30x10 ft, a sampling system for evaluating the 
proportion of blocks of this size in various ranges 
of quality could have been used. A reasonable way 
to have done this would have been to select areas 
30 ft square either at random or systematically in 
the area covered by the deposit and to sample each 
of these areas with a cluster of n drillholes. Quality 
of the 30x30x10-ft blocks stacked under each of the 
sample areas could have been evaluated by averag- 
ing the analyses of the drill cores from each sample 
block. The blocks in the stacks could then have been 
taken as a sample representing the total population 
of blocks of this size forming the deposit. However, 
the totality of core samples taken in this manner 
would be expected to have a quality distribution 
very like the one observed from the holes that were 
in fact drilled, i.e., the distribution of Table I. The 
expected relation between this distribution and the 
distribution of averages for the blocks described 
above will now be discussed. 

In the first extreme case, the deposit may be re- 
garded as comprised of core-sized pieces distributed 
at random. The distribution of the averages of n 
analyses of cores taken from each block can then be 
visualized easily by using a card-drawing model. 
Assume that an ace represents a core containing 1 
pct lime, a deuce represents a core containing 2 pct 
lime, and so on. If n (in the previous paragraph) 
were equal to 3, a 30x30x10-ft block having 1 pct 
lime would be represented by a drawing of three 
aces. A block containing 2 pct lime would be rep- 
resented by draws of ace-deuce-three or ace-ace- 
four with either combination in any order. These 
events are much less likely than the drawing of 
single aces or deuces. Statistics provide an exact 
method for handling such computations by use of 
characteristic functions.* It will suffice here to note 
that the characteristic function for the distribution 
of averages from the n analyses of our example is 
the nth power of the characteristic function for the 
distribution of the individual analyses. 


(t) = [¢ (t)]" [5] 
The variance of the distribution of the averages, 
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Other higher order moments of the distribution of 
averages are obtained by similar simple equations. 

On the other hand, if the core analyses from a 
volume as small as an individual block are not in- 
dependent of one another this simplicity disappears. 
If, however, there is perfect correlation among the 
lime concentrations in the cores from each block, a 
new type of simplicity appears. Mathematically 
perfect correlation requires that the correlation co- 
efficients, r,;,, between all possible pairs of lime con- 
centrations taken from a group of n cores in a 30x- 
30x10-ft volume in the deposit are all equal to 1. 
In this ideal second extreme case, all the cores from 
each block would have the same lime concentrations 
and the distribution of the lime concentrations for 
the blocks would be identical with that for the 
cores. The characteristic function of the distribution 
of the blocks is then identical with that of the dis- 
tribution of cores to the first power instead of the 
nth power and the variance of the former distribu- 
tion is equal to that of the latter divided by 1 in- 
stead of n as in Eq. 6. 

The latter case can also be represented by a card- 
drawing model in which we imagine a sequence of 
13 packs of cards each consisting entirely of cards of 
a single denomination with the packs arranged in 
order of the denominations and a fourteenth pack 
which is normal. The first card of the desired group 
of n cards is drawn from the normal pack and the 
remaining n-1 cards are drawn from the mth deck 
of the 13 stacked decks where m is the denomination 
of the first card drawn from the normal pack. Ob- 
viously the distribution of groups in this case will 
be identical with the distribution of single cards in 
the normal deck, just as the lime concentrations 
from the cores and the blocks in the hypothetical 
example were identically distributed. 

It is here assumed that the relation in any actual 
ore deposit will fall somewhere between the ex- 
tremes just described. 

The essential idea is that the characteristic func- 
tion of the distribution of blocks is estimated to be 
equal to some power of the characteristic function of 
the distribution of cores. For the moment, we are 
assuming that we know nothing about the charac- 
teristic function or the distribution function beyond 
the observed frequencies shown in Table I. How- 
ever, for any n we can find the distribution function 
corresponding to the nth power of the characteristic 
function by drawing enough groups of n samples 
from the distributions of Table I to form a new 
distribution of average lime analyses for the n-fold 
groups. This is what was actually done for 1000 
groups of 2, 3, 4, and 5 members each for core dis- 
tributions from the mined portion of the deposit 
and from the deposit as a whole. Comparison of the 
amount of high-grade ore as mined with the amounts 
shown on the distributions derived for the mined 
ore for various values of n permitted interpolating 
a value for n. This value was used to interpolate 
between the derived distributions for the deposit 
as a whole in order to find an estimated distribution 
of mineable units in the deposit. 

Before any further discussion of this estimate, 
details of the sampling procedure will be given. 

Data Selection and Reduction: In view of the 
labor involved in making other statistical investi- 
gations not dealt with in this article, it was desired 
to reduce the number of analyses used. Therefore, 
414 analyses were selected from the several thou- 
sand available by a random procedure to be de- 


Table II. Derived Frequency Distributions 
Designed Pit 


Individual Frequency 
Grade Percent Cum. 
Interval cao Freq. 


nw8 newt ne 
0 Oto2 360 360 216 126 85 38 
1 2to4 538 178 196 245 221 192 
2 4to6 641 103 176 203 198 263 
3 6to8 721 80 123 147 181 220 
4 8 to 10 767 46 83 90 156 147 
5 10 to 12 821 a4 60 89 70 7 
6 12 to 14 858 37 58 36 39 31 
7 14 to 16 885 27 44 33 35 19 
8 16 to 18 906 21 18 14 ll 7 
9 18 to 20 923 17 8 10 2 3 
10 20 to 22 929 6 5 6 1 1 
ll 22 to 24 950 21 3 -- — 1 
12 24 to 26 967 17 3 _ _ _— 
13 26 to 28 983 16 1 _ _ _ 
14 28 to 30 994 ll 3 _ _ -_ 
15 30 to 32 1000 6 2 _ - _ 


scribed. The drawing was made in two groups of 
207 samples each. The frequency distributions of 
lime analyses for these two groups were compared 
by means of the chi-squared test. Without giving 
details of this comparison, it can be stated that 
agreement was satisfactory. Both groups of analyses 
were then combined for further work, As was ex- 
pected, some of the core locations selected at ran- 
dom fell in areas where rhyolite dikes or other types 
of intrusive rocks were found. These samples were 
rejected, leaving a total of 384 samples. 

Even though the samples were selected at random 
from the population of drill cores available, the 
locations of the core drillholes themselves are not at 
random. To avoid over-representation of certain 
portions of the deposit in which the drillholes are 
systematically more closely spaced, the area of the 
deposit was divided into sub-areas each 100 ft 
square; when there was more than one core drill- 
hole in a square, one of the holes was selected at 
random to represent it. 

The depths of the core drillholes from the surface 
to their intersection with the wall or bottom of the 
planned pit were divided by 50 and the integer 
nearest the result of this division was used as a 
weighting factor for that particular hole to assure 
that samples from that hole would have a probabil- 
ity of being drawn in rough proportion to the depth. 
In order for this to be done, a table of the numbers 
of the holes was prepared in which each number 
was entered a number of times equal to the weight- 
ing factor. This produced a table having 241 entries, 
which were assigned serial numbers from 0 to 240, 
250 to 490, 500 to 740, and 750 to 990. Each entry 
had four numbers; for example, 1, 251, 501, and 751 
all corresponded to the second entry in the table. 

A table of six-digit random numbers was used to 
select entries from the table of drillhole numbers 
and to select simultaneously a depth from the cor- 
responding drillhole. To do this, the first three digits 
of the six-digit number were used to select the 
entry in the table of drillhole numbers. If these first 
three digits comprised a number not entered in the 
table, e.g., 247, that random number was discarded 
and the next random number used. 

The depth in the drillhole so selected at which the 
analysis should be taken was determined by the 
last three digits in the six-digit random number. If 
these last three digits formed a number greater than 
the depth of the hole within the designed pit, then 
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the depth of the hole was divided into the last three 
digits and the remainder was used as the depth 
from which the core sample was selected. Many 
other ways can be proposed for carrying out the 
selection process although, in spite of the apparent 
complexity, the writer and his assistant required 
only one afternoon to select and tabulate the 414 
analyses. 

Many of these same core drillholes passed through 
a portion of the deposit from which well over a mil- 
lion tons of rock had already been mined, The mag- 
nesitic core drill samples from this portion of the 
deposit numbered 374. In view of this small number, 
the whole population of core samples for the quar- 
ried portion was used. 

Table I shows the distribution into grade inter- 
vals of the two groups of samples thus far described. 
It will be observed that there is a marked tendency 
toward the appearance of a second maximum in the 
range from 28 to 31 pct lime. This secondary maxi- 
mum is caused by the incursion into the pit of sub- 
stantially pure dolomite which can easily be dis- 
carded during mining. Therefore, when the fre- 
quency distributions were recalculated to a base of 
1000 samples, the secondary maxima at the dolo- 
mitic end of the range were eliminated by extra- 
polation of the smooth curves through this range of 
concentrations. In the actual calculation of reserves, 
the total tonnage of rock to which the derived fre- 
quency distribution was finally applied was reduced 
in proportion to the number of samples discarded 
by this smoothing process. The result of these 
operations is shown in Table II in the fourth column 
under n=1. 

Computation of Derived Distributions: The cumu- 
lative frequencies of Table II were all punched in 
each of a group of 1000 Remington-Rand cards in 
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preparation for computing the derived distributions. 
‘the lime concentrations at the midpoints of the 
grade intervals were wired on the plug boards for 
the Univac-60 on which the programs were run. A 
lead card containing a random number having eight 
digits was sent through the computer at the begin- 
ning of each run. A total of eight runs was required 
to produce the twofold, threefold, fourfold, and five- 
fold averages for each of the two distributions of 
samples. A different random number was used, of 
course, on each of the eight lead cards. 

The computer was programmed to develop its 
own ‘random numbers using Lehmer’s method," 
starting from the number on the lead card for a 
given program. The cumulative frequencies punched 
on each of the program cards were range-tested by 
subtraction from the first three digits of the ran- 
dom number then in storage in the computer. When 
a negative result was found, the percentage of lime 
appropriate to that range of cumulative frequencies 
was accumulated in the storage for lime percentages 
and the number 1 was accumulated in the cycle- 
counting storage. The computer then range-tested 
the accumulated number in the cycle-counting 
storage to determine whether the multiplicity for 
that program, 2, 3, 4, or 5, had been reached. If it 
had not, the computer calculated another random 
number, selected the approximate range of frequen- 
cies, accumulated the number corresponding to the 
percentage of lime, accumulated another unit in the 
cycle-counting storage, and range-tested again for 
multiplicity. When the desired multiplicity had been 
reached, the accumulated percentage value for lime 
from the several steps was divided by the number of 
cycles to produce an average. The average was 
punched in the card and then in the computer, and 
the whole operation was repeated on the next card. 
The averages for all four multiplicities were 
punched in each card by changing the location of the 
punch output between programs. 

For the high multiplicities as many as 160 sepa- 
rate steps were required on a single card, so the 
computer worked much more slowly than usual. 
Even so, only about one working day of computer 
time was necessary. Some additional time was re- 
quired on the tabulating machine to assemble the 
averages from the cards. 

There is nothing novel about this procedure, 
which is a common variation of the class called 
Monte Carlo methods. The computer program has 
been discussed here only to demonstrate the princi- 
ple involved and to assist those who may wish to 
attack similar problems. It is obvious, for example, 
that with a probability of 1 in 1000, the first three 
digits of a truly random number may be any number 
between 000 and 999. To illustrate the computation 
procedure described, the 538 to 641 frequency range 
(Table II) corresponding to the number of analy- 
ses in the grade interval between 4 and 6 pct lime 
will have 103 chances in 1000 of being selected in 
any given cycle. This is equal to the probability of 
finding in the deposit a core sample having a lime 
concentration between 4 and 6 pct. The average 
lime concentration in this range is very near 5 pct. 
Thus, during the programs, the computer was in 
effect drawing random groups of n lime concentra- 
tions with the same probability that the concentra- 
tions occur in drill cores. 

The same result would be obtained by writing 5 
pet on 103 slips of paper and the other average 
lime concentrations on the numbers of slips shown 


: 


opposite the corresponding ranges in Table II under 
n=1. The total number of slips would then be 1000. 
All of these could be shuffled together and dealt, for 
example, into piles of five slips each. The numbers 
on the slips could then be averaged. When 1000 such 
averages had been obtained in this way, the distri- 
bution of these averages would be very like that 
shown for n=5 in Table II. This procedure would 
be unpleasantly time-consuming but by no means 
an impractical substitute when a computer is not 
available. 

The derived distributions for the several multi- 
plicities, which are all based on the observed distri- 
bution for the designed pit, are shown in Table II 
under appropriate values of n. In Figs. 2-6, the 
histograms representing these distributions, the 
gradual tendency toward increased clustering 
around the average lime concentration at 6.5 pct is 
obvious. Variances for the distributions for n (mul- 
tiplicity) = 1, 2, 3, 4, and 5 are 51.96, 25.88, 17.84, 
14.12, and 11.12 respectively. These should be 51.96, 
25.98, 17.32, 13.24, and 10.39 in strict accord with 
the inverse relation to n set forth in Eq. 6. 

The derived distributions based on the observed 
distribution for the mined portion of the deposit are 
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not detailed here. The only use made of these con- 
sisted of calculating from them the expected pro- 
portions of ore averaging 2 pct lime. An accurate 
record of the proportion of ore of this grade which 
was actually recovered was available for compari- 
son with the proportions on the derived distribu- 
tions in order to determine the estimated value for 
n, 

The lower portion of Fig. 7 shows how n was de- 
termined graphically. The curve labeled Pit 9-1-56 
is drawn through the five points showing the rela- 
tive frequencies of samples from the observed 
distribution (n=1) and from the derived distribu- 
tions (n=2, 3, 4, or 5) for ore mined before Sept. 1, 
1956. The points are for the Oth grade interval, 
which includes lime concentrations from 0 to 2 pet. 
The upper curve labeled Designed Pit is drawn 
through the relative frequencies for this interval 
taken from Table II. The rapid decrease in the fre- 
quency of averages in this interval with increasing 
n strikingly illustrates the main argument being 
made here. The smoothing practiced is deemed 
warranted by the random fluctuations that appear 
as a result of the limited number of samples drawn 
by the computer and the irregularities in the ob- 
served distributions. The proportion of ore averag- 
ing 2 pct lime is taken as being double the propor- 
tion averaging 1 pct lime, which is that ore falling 
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in the Oth interval. This statement is not true for 
n=1 because there is not an equal or larger amount 
of ore averaging 3 pct lime to average with the 
higher-grade ore in this case. However, discussion 
in the present instance will not be concerned with 
values of n near 1. 

The proportion of ore actually mined in which 
the lime concentration averaged 2 pct was 0.14. 
Therefore, a value for the multiplicity should be 
selected which will yield a proportion of 0.07 of ore 
in the Oth interval for the derived distribution for 
mined ore. When this is done as shown in Fig. 7, the 
estimated multiplicity turns out to be 3.2, in good 
agreement with the crude value previously obtained 
by much more general reasoning. This suggests 
that the crude approach described under Reducing 
the Variance may be useful in the absence of other 
data, although more experience with its use and a 
liberal application of good judgment are desirable. 

Turning now to the other grade intervals, the 
variations of the estimated proportions of ore in 
these intervals are shown in Figs. 7, 8, and 9. In 
each case, the average lime concentration is equal 
to twice the interval number plus 1, a convention 
needed for later discussion. The estimated propor- 
tion of ore in the 3 pct lime grade interval remains 
fairly constant over the range of multiplicities in- 
vestigated, while the proportions for the intervals 
from that for 3 pct lime up to that for 13 pct lime in- 
crease with multiplicity as an expression of the 
tendency to group around the average. Still higher 
intervals show the decreases to be expected at the 
ends of the range of concentrations. By taking the 
ordinates of these curves at n = 3.2, it is possible 
to find the final interpolated derived distribution for 
the deposit. This is shown in Fig. 10 as a cumula- 
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tive curve for ore of lower grades than the high- 
grade direct mining ore containing 2 pct lime. 

This completes the task of distributing the ore 
in this deposit into ranges of quality by a method 
that is believed to be more realistic and theoretic- 
ally more sound than the commonly used zone-of- 
influence methods. It is time now to point out some 
consequences of the theory advanced here. 

Discussion: The importance of reducing the vari- 
ance in evaluating this deposit springs from the fact 
that the standard deviation of distribution is large 
as compared to the ranges of quality into which 
output from the pit is to be divided. The standard 
deviation is the square root of the variance, and it 
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is often used to express quantitatively the spread of 
a frequency distribution. Dimensions of standard 
deviation are the same as those of the mean, in this 
case, percent lime. In the simple case of the normal 
frequency distribution, 68.269 pct of the observa- 
tions will be expected to lie within one standard 
deviation of the mean, 95.450 pct within two stand- 
ard deviations, etc., cf. Cramer.” For other distribu- 
tions, similar but less accurate limits can be set 
using the Bienaymé-Tchebychef inequality.” 

In the present instance, the important dividing 
line between direct mining ore and beneficiating ore 
occurs on the low side of the average quality of the 
deposit. Therefore, as the variance and hence the 
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standard deviation are reduced, the clustering to- 
ward the average that must occur—unless the min- 
ing method is precise enough to distinguish between 
drill-core sized pieces—moves ore upward toward 
the average and out of the relatively narrow high- 
grade range. This, of course, increases the estimate 
of beneficiating ore available, although this is hardly 
a blessing. 

The estimated amount of beneficiating-grade ore 
in this case is also augmented by the fact that ore 
moves down toward the average from the high-lime 
ranges. This occurs because the dividing line at 
about 10 pct lime between low-grade ore for direct 
use and waste is well on the high side of the average, 
so that the proportion of this grade is also increased 
over the expectation suggested by the unadjusted 
distribution of drill cores. 

It is interesting to see how reduction of the vari- 
ance and standard deviation of the distribution of 
assays for a metallic ore, say copper, might affect 
recovery in mining. Let it be assumed that the mean 
concentration of copper is 0.5 pct and the standard 
deviation of assays 0.1 pct. If the assay limit is 0.3 
pet, the range of concentrations in samples accepted 
as ore runs from 0.3 pct upward. This range includes 
the average concentration, so reduction of variance 
resulting from the limited selective power of what- 
ever mining method is used will be expected to con- 
centrate the concentrations of copper observed dur- 
ing mining even more strongly in the range accept- 
able as ore. As standard deviation in this case is 
relatively small, the concentration effect will not be 
very important. For example, assuming a normal 
distribution of assays in the statistical sense, the 
number of samples having copper concentrations 
below 0.3 pct may be taken as equal to the propor- 
tion of the area of the normal distribution lying be- 
low the mean minus twice the standard deviation. 
This proportion is only 2.3 pct. If the reduced vari- 
ance for mineable units is estimated to be one half 
the variance for samples, the standard deviation 
will be 0.071. Now the assay limit lies 2.82 standard 
deviations below the average and only 0.3 pct of the 
mineable units may be expected to be waste. The 
difference is not important. 

However, if the standard deviation had been 0.3 
pct, amounts of waste would have been estimated at 
25.2 pet and 17.5 pet for samples and mineable units 
respectively, under the assumptions made in the 
preceding paragraph. This phenomenon accounts for 
the fact that such deposits, which have average 
concentrations above the assay limits, often produce 
more ore than is originally estimated. 

Now let it be supposed that the cut-off assay is 
0.6 pct, that the mean concentration is at 0.5 pct, 
that the standard deviation for samples is 0.3 pct, 
and that the assay distribution is again represented 
reasonably by a normal curve. Now only 37 pct of 
the deposit is ore when calculated by use of the un- 
reduced variance. If the mining method selected, 
taken in conjunction with the characteristics of the 
deposit, brought about a reduction to half this vari- 
ance, the standard deviation would be 0.21 pct and 
the expected amount of ore would fall to about 32 
pet. If the reduced variance is one third the original 
variance, standard deviation would be 0.17 pct and 
the expected amount of ore would decrease to 28 
pet. Although fairly subtle, these changes may 
cause large deviations between estimates and results 
if they are not taken into consideration. 

Use of Analytic Frequency Functions: It often 


Table III. Negative Binomial Frequency Distributions 


x 
Grade Range, Mined Ore Designed Pit Derived — 


Inter- Percent ne 8.1 
val Ca Obs. Cale. Obs. Cale. 
0 0to2 267 247 360 317 109 0 
1 2to4 218 186 178 1 198 1 
2 4to6 129 140 103 127 213 2 
3 6to8 71 105 80 91 178 3 
4 8 to 10 31 79 46 67 126 4 
5 10 to 12 75 60 54 50 80 4 
6 12 to 14 39 45 37 39 47 5 
7 14 to 16 41 34 27 26 5 
8 16 to 18 42 25 21 22 14 6 
9 18 to 20 9 19 17 17 7 6 
10 20 to 22 23 14 6 13 3 7 
ll 22 to 24 18 ll 21 10 _— 7 
12 24 to 26 13 8 17 8 — 8 
13 26 to 28 10 6 16 6 _ 8 
14 28 to 30 7 5 ll 5 -- 8 
15 30 to 32 7 a 4 — 8 
Chi-squared 12.38 8.04 
Pim = 6) 0.11 0.24 
Mean 3.05 2.75 2.75 
Variance — 12.32 — 12.96 3.99 
B 1.00 1.35 0.16 
710) -- 0.25 0.32 0.10 
R 0.753 1.35 1.90 


happens, in predictions of quality distribution, that 
there are not enough samples to form an acceptable 
frequency distribution. When this problem arises it 
is possible to use any one of the various analytic 
frequency functions having self-reproductive prop- 
erties and adequately describing the distribution of 
quality in the deposit. The electronic computer may 
be used in this case also, but a synthetic frequency 
function is believed more reliable. Such functions, 
in a sense, embody the results of the geological in- 
fluences that shaped the distribution of quality and 
for this reason may be expected to smooth out the 
random fluctuations, inevitable in a small group of 
samples, in a manner concordant with the factors 
that produced the deposit. 

Of these functions, two are appropriate to the 
distribution of quality in the magnesite deposit at 
Gabbs, namely, the negative binomial distribution 
and the logarithmic normal distribution. The first 
of these will be illustrated here. 

The frequency distributions from the Gabbs de- 
posit are highly skewed positively and so are not 
adequately described by the normal distribution, 
which was used in the foregoing discussion only for 
the sake of simplicity. The equation of the negative 
binomial distribution is: 


= 


(1 + B) (1 +2B) ... [1 + (2-1) B)f(O) 
zx! 


{7] 


Details concerning this distribution may be found in 
Burrington and May,” Feller,” and Condon and 
Odishaw.“ A recursion formula more useful for 
computing such a distribution over its whole range 
is given below along with the significance of the 
various symbols. 


f(x) =f(n+1) =f(n) [8] 


R= ( [8a] 
[8b] 
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Table III shows the calculated negative binomial 
distributions corresponding to the mined ore and 
the ore in the designed pit. The results of the chi- 
squared tests” show only moderately good fits. How- 
ever, from a practical point of view, inspection of 
the table shows that the variations for the various 
grade intervals are, for the most part, not alarming 
in view of other uncertainties afflicting the case. 
The negative binomial distribution for the mined 
ore was adjusted by reducing the variance and cal- 
culating several derived distributions so that a 
curve could be drawn relating n (multiplicity) with 
the amount of ore containing 2 pct lime. Fractional 
values were freely used for n, a recourse not readily 
available when distributions are derived on the 
computer. The estimated value for n turned out to 
be 3.1, in quite satisfactory agreement with the 
values of 3.1 and 3.2 found previously. The derived 
distribution for the ore in the designed pit is also 
shown in Table III for this value of n. The relative 
frequencies shown for the various grade intervals 
are in reasonable agreement with the computer re- 
sults, which may be read from Figs. 7, 8, and 9, at 
the value 3.2 for n. 


Table IV. Percent CaO in Core ouneadll 


Now that the type of distribution to be used has 
been decided upon, and the value for n deduced, an 
illustration of an application to a single bench may 
be given. Table IV shows the analyses of 23 cores 
from the core drillholes passing through one of the 
benches in the pit. One of the problems encountered 
in planning production from this pit is that of pre- 
dicting the rate at which ore of various grades will 
be produced in the future. To judge from the analy- 
ses in the table, well over half the ore on this bench 
should be of excellent quality, while there should be 
only a little ore lying in the intermediate range 
which is used for flotation feed. 

These holes are roughly at random locations on 
the bench. They represent about 220,000 tons of ore. 
Taking moments in terms of the arbitrary grade 
intervals, m = 1.84, i.e., the average lime concentra- 
tion is 4.68 pct. The variance is 6.306 in the arbi- 
trary units, but this value must be adjusted for bias 
on account of the smallness of the sample (16) using 
the factor (n-1/n) or 23/22 where n is the number 
of samples. The adjusted value is 6.593. When this is 
divided by 3.1, the multiplicity determined for the 
deposit gives the reduced variance 2.13. This value 
and Eqs. 7 and 8 are used to calculate Table V. 


Table V. Expected Quality Distribution Single Bench 


CaO, Pet fix) x 


The amount of high-grade ore averaging 2 pct 
lime as estimated from this distribution is 35.8 pct. 
The amount estimated from the quality contour map 
prepared from the analysis of the blast drillholes 
was 42 pct. About 30 pct of the bench was actually 
recovered as ore of this grade. The amount of ore of 
a grade suitable for flotation feed at an average 
lime concentration of 4.5 pct is estimated from 
Table V to be 35.1 pct. The amount shown on the 
contour map was 38.2 pct. No record was kept of the 
amount of this quality actually mined from the 
bench in question, but it seems reasonable that the 
agreement between prediction and performance 
would have been acceptable. Certainly both the 
proportions calculated here are far more accurate 
than the expectation based on the unadjusted core 
drill analyses. 

Conclusion: In presenting the results reported in 
these paragraphs, the writer has been constantly 
tempted to discuss each of the many side issues that 
have been raised either overtly or by implication. 
No doubt his attempt to steer a middle course will 
leave some readers with the impression that griev- 
ous omissions have been incurred and others with 
the impression that trivial facts have been bela- 
bored. All questions dealing with statistical theory 
have been left for investigation by those sufficiently 
interested to turn to the standard texts covering this 
subject. The author has not attempted to write a text 
on statistics and probability and does not claim the 
competence needed for such a task. The reference 
given will provide an excellent starting point for a 
fuller inquiry into the theories presented here. 

The author does strongly believe that adjustments 
such as those proposed here and used with some 
success on the deposit in question have more theo- 
retical justification than the blind practice of as- 
signing uniform quality to large, sometimes vast 
blocks of ore and then expecting these blocks to 
distribute themselves quality-wise in accordance 
with the small number of samples that have been 
analyzed. When hand sorting is used this practice is 
justifiable, but with large-scale modern mining 
methods, some reduction in the spread of quality is 
inevitable and measures should be taken, using all 
the statistical tools available, to determine the 
amount of this reduction and the nature of the re- 
sulting distribution. 
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2.62 11.48 15.68 1.98 oa 
0.66 1.12 0.77 3.45 pe 
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x CaO, Pet f(x) 
; 0 1.0 0.179 4 9.0 0.065 ae 
1 3.0 0.285 5 11.0 0.026 fa 
2 5.0 0.246 6 13.0 0.009 mt 
3 7.0 0.153 7 15.0 0.003 Aime 


TECHNICAL NOTE 


FISHING TOOLS FOR RETRIEVING 
GAMMA-RAY LOGGING COMPONENTS 


wo special tools for recovering gamma-ray probes 

and logging cable from drillholes have been de- 
signed by Ohm and Bunker and constructed by Ohm. 
Though intended specifically for U. S. Geological 
Survey equipment, they may be used with other 
equipment of the same general type. 

Fishing Tool for Probes: A fishing tool of the 
overshot type (Fig. 1) was designed to retrieve log- 
ging probes (sondes) that become disconnected from 
the logging cable and are trapped in the drillhole. 
When the tool slides over the top of the gamma-ray 
probe, studs on the bottom engage the shoulder 
near the top of the probe (Fig. 2), which is then 
pulled to surface. 

The barrel can be constructed from brass or steel 
tubing. Wall thickness is not a critical dimension, 
but the tool should be heavy enough to sink through 
mud or water in the drillhole. 

The internal length of the tool must be enough 
to prevent interference with the upper end of the 
probe head as the tool slides over it. The design 
of the probe head used by the USGS required a 
minimum free space of 2% in. inside the fishing 
tool, which was made 7% in. long to increase the 
weight. 

The lower end, which engages the shoulder of 
the upper end of the probe, contains three studs 
placed at 120° around the circumference of the 
tool and held in the engaging position by the tension 
of a spring wire. The studs can be made of any 
metal, such as steel, having high tensile strength. 
As the tool slides over the probe the studs are 
pushed outward from the center against the spring 
tension, allowing the tool to slide into position 
below the shoulder of the probe head. The spring 
tension forces the studs inward into the engaged 
position after they pass the shoulder. When the tool 
is raised the studs stop against the shoulder, pre- 
venting the tool from sliding up over the top of the 
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Feb. 16, 1959. AIME Trans., Vol. 214, 1959. 


by CARL M. BUNKER and J. M. OHM 


probe. Once it engages the shoulder of the probe 
it cannot be freed until both probe and fishing equip- 
ment are recovered from the drillhole. 


DRILL AND TAP 0.125— 


Fig. 1—Fishing tool for retrieving probes. 
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FISHING TOOL CABLE 
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BROKEN END OF 
LOGGING CABLE 


PROBE HEAD 


Fig. 2—Tool with probe in retrieving position. 


BOTTOM OF DRILLHOLE 


Fig. 4—Tool with cable in retrieving position. 


The fishing tool is attached to a steel cable and 
lowered by hand into the drillhole. After the location 
DRILL FOR 0.156 CABLE INSERT of the probe has been determined, the tool is raised 
——— a few inches and then lowered rapidly to force it 

over the head of the probe. In a large drillhole it 
—~ abe may be necessary to do this several times before 
3 —_—}- the tool can be centered over the probe, but when 
the drillhole diameter is only slightly larger than 
1.25 the probe and fishing equipment, the tool is easily 
guided. Once the tool and probe are engaged, the 
upper end of the fishing cable can be attached to 
a == a winch or block and tackle and the equipment can 
he” be retrieved from the drillhole. 
; Fishing Tool for Cable: The tool designed for re- 
! 1.50 covering broken logging cable from drillholes is 
af simple but effective. A steel rod 7 to 8 in. long is 
1 6.50 drilled with four holes placed at 90° around the cir- 
}— ——¥ cumference (Fig. 3A), about 1% in. apart vertically 
0.187 x | SCREW and pointing downward at a 45° angle from the 
NUS HEAD \ 1.00 center line of the rod (Fig. 3B). The holes are 
WN tapped and 5/32-in. screws 1 in. long are screwed 
NX > I into them. The heads of the screws are cut off at an 
angle parallel to the body of the tool. A hole is 
drilled in the center of the upper end of the tool to 
accept the winch cable. Two more are drilled into 
the side of the rods to intercept the hole drilled for 
the cable and are tapped for set screws. 
AM ‘ The tool is lowered as far as possible into the 
LJ ; drillhole containing the logging cable by a winch 
ms 7 cable of high tensile strength. It is then raised and 
lowered repeatedly until the logging cable is en- 
tangled in the studs projecting from the tool 
Fig. 3—Fishing tool for retrieving cable. (Fig.4). 
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UEC BUILDING FACTS — 18 stories high... 
263,067 sq ft, gross, and 179,885 sq ft, net, 
almost twice as much net space as in the 
present 39th Street building... auditorium to 
seat 450 people... the world’s most complete 
engineering library... the Engineering index, 
the most comprehensive indexing and ab- 
stracting service for engineers...centrai serv- 
ices to avoid duplication of costs... Archi- 
tects: Shreve, Lamb & Harmon Associates... 
Structural engineers: Seeyle, Stevenson, 
Value & Knecht... Mechanical and electrical 
engineers: Jaros, Baum & Bolles...Contractor: 
Turner Construction Company. 


THE FUTURE HOME OF THESE 
ENGINEERING ORGANIZATIONS 

American Society of Civil Engineers 

American Institute of Mining, Metallurgical 
and Petroleum Engineers 

The American Society of Mechanical Engineers 
American Institute of Electrical Engineers 
American Institute of Chemical Engineers 
American Institute of Consulting Engineers 
American Institute of industrial Engineers 
American Society of Heating Refrigerating 
and Air-Conditioning Engineers 

American Welding Society 

Engineering Society 

Society of Women Engineers 

Engineering Index, Inc. 

Engineers’ Council for Professional Development 
Engineers Joint Council 

United Engineering Trustees, Inc. 

Welding Research Council 


UNITED ENGINEERING CENTER 


COMING! And indeed it is coming — the new United 
Engineering Center, the beautiful building as shown, 
in color, on the reverse side. 


Ground breaking and commencement of construction 
in October, 1959... Completion of construction 

by March, 1961... Ready for occupancy by July, 1961... 
these are the target dates for the new building. 


The New United Engineering Center will rise and 
stand as a symbol of a proud and noble 
profession just as its near neighbor, the United Nations 
building, is a symbol of world co-operation in the 
political field. It will be the greatest center for engineering 
interests in the world. It will be a structure in 
which every engineer will have justifiable pride. 


Since there is now no question that the building will be 
erected, the drive for funds cannot be allowed to 
slow down. This message reaches you at a time when 
the societies have just passed the three-quarter mark 
in our fund campaign. The home stretch — and victory 
in this united drive — lie in the weeks ahead. 


Now is the time for all campaign workers to make 
sure that all members of each section have at 
least been approached. It is the time for all sections of all 
societies to strive for 100 per cent completion 
of their quotas. It is the time for those sections 
which already have reached their money goals 
to keep trying for contributions from as near 
100 per cent of their members as possible. 


And it is also the time for those engineers who already 
have contributed to ask themselves: “Have I done 
my part? Have I given as much as my income 
and resources permit?” 
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AVAILABLE PREPRINTS NOTE: 


Preprints of the following papers, to be presented at the AIME- 
ASME Joint Solid Fuels Conference, October 27 to 29, Cincin- ad Cregetans > from the 3988 AIME-ASME delat 
nati, are now available from SME headquarters upon surrender of Ay coder cow wi the fel. 
either a pink or yellow SME coupon (one coupon entities you to one DL ~F on sar Coal Sampling 
paper? : by W. R. Reichenstein and Armand Bur. 


59F400—Preparation of Industrial Coal by Arthur S. Maynard. sssF2— Fundamental Studies in Bulk Solid 
59F401—Control__The Key to Preparation for the Export Market Flow by J. Richard Lucas and W. J. 
by Martial P. Corriveau. Verner. 
59F402—Preparation of Coal for Utility Use by Myron W. Beeier. 58SF3—A Petrographic Inv tion of the 
59F403—Special Railroad Rates for the Movement of Coal in Vol- Couses of Degradation of S Coal by 
Blair Richar . Neavel. 
“Design of Mode 588F4—Dock Handling of Bulk Materials by 
R. C. Tench. 


59F 404—Design of a Modern Coal Mine by G. W. McCaa. 
For information regarding preprints of the ASME papers to be a A, | inti ain 
Anthracite Equipment by J. Ludden and 


presented at the Conference, contact ASME, 29 W. 39th St., 


New York 18. 

Preprints of the following pa- 
pers, presented at the Joint 
Coal-indMD meeting, Septem- 
ber 24 to 26, Bedford Springs, 


W. N. Sims. 
588 F6—Specific 

Handling and 

Refuse From Solid 


Problems Connected with 


of Combustion 
is by L. E. Mylting. 


PENNS) 


CHAMBERSBURG 


Proposals for 
Membership 
SME Headquarters in exchange 
for SME coupons (complete ordering information and prices are given on 
page 102, Directory Section, July issue 1959): 
59F300—The Application of Flocculants to the Clarification of Coal Washing 
Waters by Kelsey C. Lindstrom and Robert H. Oliver. 
59H301—Limestone Mines—Their Potential Commercially and Strategically 
by Russell W. Hunt. 
59H302—Disposal of Sulphur Mine Effluents—How Freeport Sulphur Solved 
Its Effluent Problems by Paul D. Bybee. 
591303—-Study of the yy and Rate of Ilmen- 
ite Weathering by Langtry E. Lynd 
59F304—Mine Acid Control by s. 
59F305—The Influence of Bacteria on the Formation a 
of Acid Mine Drainage by William W. Leathen. |mformation 
59H306—Competition of Artificial Dimension Stone 
59F307—Water Clarification System at Wharton No. 
2 Preparation Plant by Robert L. Liewellyn. . 
59H308—The Role of Technical Service in Today's Begins on 
Asbestos Fibre Market by D. L. Monroe. 
59F309—Hutchison Mine—A Problem in Coal Mine- page 


Change of Address 
Personals Data 
Boxes 
page 1054 


Mineral 


Newsletters... 
Coal 

page 1054 

IndMD 

page 1051 

e MBD’ers Digest 
page 1053 


Drainage by Ernest P. Hall and John L. 

Walls of Indiana by Jas- 

rD ard 

59F311—Maintenance of Water Clarification Equip- 
ment by J. J. Reilly. 

59F312—Some Gcslenteet Factors Affec the Up- 
per Freeport Coal and Its Quality Pat -' . Koppe. 

59H313—Gypsum in Indiana by R. A. Teichman, Jr. 
and William B. Ferguson. 


AIME’s 13 LEADING LOCAL SECTIONS IN MEMBER GIFTS 


CAMPAIGN FOR NEW UNITED ENGINEERING CENTER 
Data correct as of Oct. 1, 1959. Note: Oregon is only AIME Section that ranks among 
the first 13 on all 5 counts. For story and picture, turn back a page. 
9) Montana 

$107,883 10) Tri-State 

27,226 11) Utah 

12,671 12} Lehigh Valley 
13) East Texas 


Penn.-Anthracite 
Hugoton 

Ohio Valley 
Montana 
Tri-State 

Gulf Coast 
Utah 

Lehigh Valley 
Carlsbad Pot 
San Francisco 


Coast 
New York Petroleum 
Utah 
San Francisco 
Arizona 
Ohio Valley 
Pittsburgh 
Dallas 
Or 


egon 
Penn.-Anthracite 
Mid-Continent 
St. Louis 


Upper Mississippi Valley 
Oregon 42 
Uranium 

Tri-State 

Penn.-Anthracite 


York 
New York Petroleum 
North 


Texas 


East Texas 


Central New Mexico 
Lou-Ark Or 
Billings Petroleum 
South Plains 
Black Hills 


1) New York 

2) New York Petroleum 
3) Oregon 

4) Uranium 

5) Hugoton 

6) Penn.-Anthracite 

7) Gulf Coast 

8) Ohio Valley 


egon 
19 2) New York Petroleum 
16 3) Uranium 


$F $8 
333 
! 333 
2 1 
see 1 
889 Percent of Membership 10 
33: 6) o 
7) ,606 1) 8% 11) 1 
8) 2) Carlsbad Potash 69 12) 1 
9) (972 3) Gulf Coast 59:13) 1 
11) 5,665 5) Average Amount of Pledges: 
12) 5,520 6) 1) $329 
13) 4,674 7) 2) 218 LZ 
8) 3 187 
Average Pledge per Section Mem- 9) 108 
ber: 10) 97 
$69 11) 90 
Bes 47 12) 88 ‘ 
40 13) 87 
36 9) Cleveland 85 
$4 24 Percent of Goal Reached: 10) Kansas 8! 3h 
i 343% 11) Florida 75 sts 
33 235 13) San Francisco 71 
| 
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fn Chute Linings... 


UTWEARS 
HARDENED 
STEEL 


_ Explosives Set Theme Of 
_ Mining Research Meet 


| The University of Missouri School 

| of Mines and Metallurgy and the 

| U.S. Bureau of Mines will colla- 

| borate again this year for the Fifth 

| Annual Symposium on Mining Re- 

_ search, November 19 to 21, in Rolla, 
Mo. 

Ammonium nitrate explosives will 
be the main subject of discussion in 
response to intense interest in 
theory and application of these ex- 
plosives. There will also be six pap- 
ers on field usage and results. 

Other tentative topics include 
safeguarding explosives and blast- 
ing agents, safe practices in use of 
blasting agents, secondary blasting 
with AN explosives, effect of par- 
ticle size on explosive properties, 
results of AN explosive research at 
Missouri Schoo! of Mines, and phy- 
sical and chemical characteristics of 
fertilizer grade ammonium nitrate. 


Space Age Metals Will 
Be 1960 Meeting Theme 


The Southwest Metals and Min- 
erals Conference will be held on 
April 21 and 22, 1960, at the Am- 

| bassador Hotel in Los Angeles. 
Henry T. Mudd, president of Cyprus 
| Mines Corp., is general chairman of 


4 the conference committee. The San 


WEAR BLOCKS 


Field tests prove the amazing wear 
resistance of ARLCITE Blocks in 
chuting the most abrasive ores and 
materials—up to six times the use- 
ful life of hardened alloy steels! 

Tough-bond high-density ARL- 
CITE is a super-ceramic block with 
hardness next to diamond. The ex- 
clusive tongue and groove design in- 
sures a tightly-keyed lining, is easily 
laid-up in the chute and resists wear 
evenly due to the uniform hardness 
throughout the block. 

Investigate the money savings 
ARLCITE can bring in your mate- 
rial handling. Write us! 


DINISION 


FERRO CORPORATION 
East Liverpool, Ohio 


¥ 


Francisco and Reno Sections joined 
the Southern California Section as 
sponsors. 

Metals and materials for the space 
age is the theme of the conference. 
Metals such as boron beryllium, 
lithium, thorium, and rare earths 
will be discussed. Further details 
will be reported as plans for the 
spring meeting are unfolded. 


C. R. Kuzell Will Give 
1960 Metallurgy Lecture 


The Metallurgical Society of AIME 
has announced that Charles R. 
Kuzell will deliver the 1960 Ex- 
tractive Metallurgy Lecture at the 
AIME Annual Meeting in New York, 
Feb. 14 to 18, 1960. 

Mr. Kuzell, director of the Phelps 
Dodge Corp. and former AIME 
Director, received the 1956 AIME 
James Douglas Gold Medal for out- 
standing contributions to nonfer- 
rous metallurgy. His theme for the 
lecture will be the development of 
modern copper smelting. 


Lake Superior Safety 
Council Convened | 


A meeting of interest to mining 
men was held in Duluth, May 21 
and 22, sponsored by the Lake Su- 
perior Mines Safety Council. It was 
the 35th annual meeting of the 
Council, with 650 attending, repre- 
senting 20,000 mine workers in 
Minnesota, Wisconsin, and Michigan. 
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H. D. Scott, Council president, 
gave the opening address. Interest- 
ing papers presented included Open- 
Pit Plant Safety by W. F. McDer- 
mott of Pickands Mather & Co.; 
Handling Materials Safely by Wal- 
ter G. Kuta, U. S. Steel Corp.; Long 
Hole Raising by Richard C. Annear 
of Inland Steel Co.; and Our Unsafe 
Mines by John D. Grimaldi, General 
Electric Co. 

Special exhibits and banquet 
rounded out the program, with Rob- 
ert D. Forte as banquet speaker. Mr. 
Forte is the supervisor of sports re- 
lations and promotion for Miller 
Brewing Co., Milwaukee. 


AIME 


BOARD OF 
DIRECTORS 


Recent actions taken by the 
Institute Board of Directors. 


® The Metallurgical Society has 
announced that the recipient of the 
1959 McKune Award was G. M. 
Hagenberger, Standard Steel Works 
Div., Baldwin-Lima-Hamilton Corp., 
Burham, Pa., for his paper Conver- 
sion to 70 pct Natural Gas Utilizing 
a Continuous Oxygen and Combus- 
tibles. 


m Ernest O. Kirkendall was ap- 
pointed AIME representative at the 
board meeting of the National Soc. 
of Professional Engineers, held at 
the Hotel Commodore, New York, 
June 17 to 20. 


pm Terms of AIME representatives 
on EJC committees have been ex- 
tended to Aug. 31, 1960, instead of 
Dec. 31, 1959. 


Utah Section Student 


Papers Receive Awards 


The judges for the Utah Section 
have announced the winners for this 
year’s Student Prize Paper competi- 
tion. In the graduate division the 
best paper was Infrared Analysis of 
Inorganic Solids Encountered in 
Smelter Processes by Robert Lee 
Martin, Jr. In the undergraduate 
division first prize was awarded to 
Leo A. Rogers for his paper entitled 
Spectrophotometric Analysis of Nio- 
bium. Second prize went to Gordon 
R. Dorny for his treatise on Sul- 
phidizing of Partially Reduced 
Oxides of Copper. 

As in previous years, a number of 
excellent papers were submitted by 
the Utah students. Cash awards 
were presented at the September 
meeting of the Utah Section, and 
the three papers will be submitted 
to the AIME National Student Prize 
Paper contest. 


Dear Members of IndMD: 

We had a letter recently from 
Richard Brooks that was a corker. 
Dick, you may recall, is serving as 
Pacific Southwest vice chairman for 
the Industrial Minerals Division. He 
was replying to an inquiry from us 
relative to AIME’s Salt Lake City 
office. This particular item was a 
holdover from previous Executive 
Committee meetings and we were 
trying to organize the agenda for our 
Bedford Springs get-together by 
pre-polling the group on it. Because 
he raised some questions which we 
believe are fundamental to the Divi- 
sion and SME we would like to 
quote the meat of it here for you. 

You are questioning us in terms 
of the benefits the Industrial Min- 
erals Division receives in return 
for participating in defraying the 
cost of the (Salt Lake City) office. 

But tell me, what role does In- 
dustrial Minerals Division want 
to play in the West? I seem to 
have a feeling that the Division is 
strictly an eastern activity of 
SME. Do you think it makes any 
active contribution to our pro- 
fessional activities and interests 
in the West? It seems to me that 
whatever is done out here is done 
without any reference whatsoever 
to the Division. 

Could one ask the question, why 
should members of SME in the 
West accede to having a portion of 
their dues spent to support the 
activities of the IndMD Division? 
It is somewhat like asking us to 
support the Southern Appala- 
chian Section, or whatever. How 
many western IndMD members 
will be able to participate in the 
Bedford Springs meeting—or par- 
ticipated in recent (eastern) 
meetings? 

First and foremost, Dick, it’s safe 
to state categorically that as part of 
SME the Industrial Minerals Divi- 
sion is most certainly not intended 
to be an eastern activity of the In- 
stitute. A quick glance at the organi- 
zational structure of the Division 
with its geographical vice chairmen 
will answer that. But maybe we are 
a provincial lot and maybe we have 
failed to do missionary work in the 
West, despite the attempt on paper 
to cover the whole country and 
Canada. 

(Editorial Note: IndMD Secretary 
Ray Feierabend is much too modest 
about the role played by the Divi- 


sion in the West. Not only have 
individual members of the Division 
been active participants in regional 
and local meetings, but the Divi- 
sion’s regional vice chairmen were 
among the organizers of the impor- 
tant Pacific Northwest, Rocky 
Mountain, and Pacific Southwest re- 
gional conferences. As a matter of 
interest, Vernon Scheid’s name 
crops up among those who put to- 
gether the very first Pacific North- 
west Industrial Minerals Confer- 
ence. He later served as the chair- 
man of the first Pacific Southwest 
Conference. W. F. Rappold was 
listed as one of the six responsible 
for the first Rocky Mountain Min- 
erals Conference. Both were IndMD 
regional vice chairmen when they 
helped organize these meetings. The 
Division has assisted other meetings 
informally through the work of its 
program committee.) 

It is a many-faceted problem and 
what the underlying causes are, we 
are not certain. But it is a challenge 
for the whole Division. If we can 
find the answers we should be able 
to increase our effectiveness and 
multiply the services to our mem- 
bers. 

We would venture to bet that 
some of the metals producers in the 
east feel about the Mining and Ex- 
ploration Division as possibly the 
westerners feel about Industrial 
Minerals. We tend to identify geo- 
graphical sections of the country 
AIME-wise with their major min- 
erals commodities: the Arizona Sec- 
tion and copper, the Pittsburgh Sec- 
tion and coal, the South Texas 
Section and oil. Likewise most of 
us have come to think of Salt Lake 
City as headquarters of the Mining 
and Exploration Division because it 
is a mecca for non-ferrous metal 
mining plus the fact that Salt Lake 
has an abundance of active AIME 
members. On the other hand, we 
doubt seriously that there is any 
Local Section that can be called 
purely an Industrial Minerals local 
section. So far as we know there is 
no geographical division of the U.S. 
that is the Industrial Minerals pro- 
vince. True the Gulf Coast is the 
sulphur center, Carlsbad the potash 
center, Florida the phosphates, but 
each is only one of the many min- 
erals relegated to our Division. We 
cover sO many minerals and their 
uses that sometimes it is quite diffi- 
cult to find any relationship between 


or among the committees which rep- 
resent them. 

We literally run the gamut—from 
the pigment in the paint on the crib 
to the polished marble or granite 
tombstone on the grave. We suf- 
fer from “excessive heterogeneity” 
which for some reason works against 
us but which actually should be in 
our favor. 

Seems to us that our aim within 
the Division is to be equally effective 
all over the country wherever non- 
metallic minerals are produced and 
used. We are at a loss to know, Dick, 
why the Division is not making some 
active contribution in professional 
circles in the West. Could it be that 
non-metallics are produced over 
such a widespread area of the coun- 
try that we are, in effect, so highly 
outnumbered on the local level that 
we lose our collective effectiveness? 
It is mighty easy to get that “fish out 
of water” feeling and without a little 
effort just drop out of AIME work. 
If I may use myself as an example: 
I pledge allegiance to SME as an In- 
dustrial Mineralist (Chem. Raw 
Mat’ls) with a secondary interest in 
Mining and Exploration. But I live 
right in the middle of the oil patch 
and our 500-strong local section is 
an SPE Affiliate. It is awkward, ad- 
mittedly, but all in all it works out 
pretty well for the handful of us 
outsiders who join in. We had to 
join in for we could not beat them. 
True, a high powered talk on reser- 
voir mechanics doesn’t “send us” but 
we do have a chance to rub elbows 
with fellow AIME’ers—and who 
knows what friendly professional 
associations lead to? We even pre- 
sent papers occasionally. I know 
first hand how easy it is to be sub- 
merged in the crowd, but you simply 
have to accept the facts and make 
the most of it. 

Then, too, we wonder if conflict of 
interest enters into the problem. 
We in IndMD tackle the geology, ex- 
ploration, mining, preparation, and 
marketing of the non-metallics. But 

(Continued on page 1052) 


Address news items to 


R. H. Feierobend, indMD 
Secretory-Treasurer, Free- 
Sulphur Co., P. O 
J 1520, New Orieons 
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indMD News 
(Continued from page 1051) 

despite the specific commodity in- 
terests isn’t it just plain logic, for 
example, that the underground po- 
tash miner or open pit uranium pro- 
ducer should feel closer kin to the 
mining crowd? Geographically he’s 
nearer and his operating problems, 
by and large, have their counter- 
parts in metal mining. Mining after 
all is mining irrespective of the ma- 
terials produced, broadly speaking. 
Is it not natural that such a one 
will seek his outlet and contacts 
where he can make the greatest con- 
tribution and have the best chance 
to help himself? Maybe in this we 


can work a bit closer with our sis- 
ter Divisions to the benefit of all. 
The strength and usefulness of 
any organization such as ours is, we 
believe, measured by the degree 
to which the membership takes part 
in its activities. In AIME the focal 
point is the Annual Meeting, and to 
a lesser extent on the regional or so- 
ciety meetings. Each year’s commit- 
tees concentrate on the organization 
and assembling of the technical and 
social sessions for the convention. If, 
through subject matter, location, or 
some other reason we fail to create 
a desire in our members to attend, 
then we have missed the boat, and 
we should find out what’s wrong. 


Photo - Courtesy, United States Steel Corporation. 


In 65 years or so the first dipper hole at Mesabi has grown to 


the tremendous open pit pictured here in part. Differential Air 
Dump Cars first put in appearance at Mesabi in 1925. Veterans 
of many years and thousands of tons, these cars have carried 
their loads uncomplainingly. Steady reorders have a pleasant 
way of nodding approval. We would be glad to tell you more 
about Differentials — how they’re made and why you'll like 


them. 


PIONEERS 
IN HAULAGE 
EQUIPMENT 
SINCE 1915 
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DIFFERENTIAL 
STEEL CAR COMPANY 


FINDLAY, OHIO 


If, as we infer from Dick Brook's 
comment, locating the meetings in 
the East—Bedford Springs, Tampa, 
Nova Scotia, St. Louis—kills the 
interest and incentive for the folks 
out West to join in, then something 
ought to be done about it. 
Number-wise the Industrial Min- 
erals Division is the smallest in 
SME. As for the value, diversity, 
and tonnage of minerals produced, 
we represent the largest. A large 
membership just for numbers sake 
is not in our thinking. We don’t 
want to be the largest— only the 
best, and the best measured by the 
service to our members through ac- 
tive participation. We believe this 
Newsletter can make a worthwhile 
contribution to our Division affairs. 
But it can’t be done without your 
help, advice, and encouragement. 
Let us hear from you, please!—Ray 
Feierabend. 


Pittsburgh Will Hold An 
Off-the-Record Meet 


On November 6 the Pittsburgh 
Section will combine with the En- 
gineers’ Society of Western Penn- 
sylvania for their 14th annual Off- 
The-Record Meeting. Headquarters 
will be the Penn-Sheraton Hotel 
in Pittsburgh. Other contributing 
groups are SME’s Coal Division; 
NOHC; and the Section’s Petroleum 
Subsection, Institute of Metals 
Group, and Mineral Industry Group. 

All five groups will hold simul- 
taneous sessions in the merning and 
afternoon, joining for lunch and a 
fellowship dinner in the Ballroom, 
and a cocktail party in the Urban 
Room. 

R. M. Barnhart will be toastmaster 
for the dinner at which the F. L. Toy 
Award will be presented. Speaker 
for the evening is Clifford C. Furnas, 
chancellor of the University of 
Buffalo. Dr. Furnas has been active 
in research work for Illinois Steel 
Co., the U.S. Bureau of Mines, Cur- 
tiss-Wright, and Cornell Aeronau- 
tical Laboratory, where he was 
made executive vice president in 
1948. He has also served as assistant 
secretary of defense for research and 
development in Washington. 

The Pittsburgh Section will meet 
in the Fort Duquesne Room under 
the co-chairmanship of Oscar M. 
Wicken and Otto W. Werner during 
the morning, and Joseph G. Sevick 
and Warren M. Mahan in the after- 
noon. Films on zinc, bauxite mining, 
and copper refining will be inter- 
spersed with the papers. Some of 
the topics to covered include air- 
borne magnetometer surveys, coal 
pipeline development, and zinc sin- 
ter, physical testing studies. The 
speakers for the morning session 
are G. M. Heinitsh, Tom Reagan, 
R. J. Lund, and W. S. Agocs. In the 
afternoon D. E. Warnes, E. J. Wasp, 
and S. A. Gustavson will speak. J. H. 
Henderson is chairman of the Pitts- 
burgh Section. 


ad 
| 
| 
Tough cars for big 


L. B. SLICHTER 


The Daniel C. Jackling Award for 
1959 will be given to Louis Byrne 
Slichter at the 1960 Annual Meeting 
in New York. The award and accom- 
panying lecture have become a 
major feature of the Institute meet- 
ing each year, in honor of the re- 
nowned mining pioneer and execu- 
tive who was President of AIME in 
1938. In 1953 the award was initiated 
by the Mining, Geology, and Geo- 


physics Division. A bronze plaque 
will be presented for “significant 
contributions to technical progress 
in the fields of mining, geology, and 
geophysics.” 

Dr. Slichter is director of the In- 
stitute of Geophysics at the Univer- 
sity of California in Los Angeles. 
He has held this post since 1947, and 
has had a long career in education 
and research, beginning with his 
undergraduate study at the Univer- 
sity of Wisconsin. He received his 
B.A. there in 1917 and went on to 
earn a Ph.D. in physics in 1922. For 
the following two years he was an 
ensign in the U.S.N.R. and then 
physicist for the Submarine Signal 
Corp. 

For seven years he was partner in 
the firm Mason, Slichter & Gauld 
before going to the California Insti- 
tute of Technology as research asso- 
ciate. This led to his appointment 
as associate professor of geophysics 
at Massachusetts Institute of Tech- 
nology where he became full pro- 
fessor a year later and remained for 
13 years. 

In 1945 he accepted a professor- 
ship at the University of Wisconsin, 
his alma mater, and was a Rocke- 
feller Research Fellow in 1946 before 
attaining his present position. 


Address news items to: 
John W. Chondier, Amer- 


His other awards include a citation 
“in recognition of eminent. profes- 
sional services” when he left the 
University of Wisconsin, and a 
Presidential Certificate of Merit. He 
is also a member of the National 
Academy of Sciences. 

His list of published papers ex- 
tends from 1929, when he wrote the 
AIME Transactions paper Certain 
Aspects of Magnetic Surveying, to 
1959 when he has had published 
three papers entitled 1) Field of an 
Alternating Magnetic Dipole on the 
Surface of a Layered Earth; 2) 
Mining Geophysics; and 3) Some 
Aspects, Mainly Geophysical, of 
Mineral Exploration. In addition to 
the many published papers, he has 
been granted several U. S. patents, 
including an early patent on the 
electrical logging of drill holes, con- 
ceived in 1927 and assigned to the 
Schlumberger Well Surveying Co. 


Education News 


University of Arizona 

The University of Arizona scien- 
tists believe that commonly accepted 
explanations of relationships be- 
tween geology and the occurrence of 
groundwater may have to be altered. 
The University’s study of the utili- 
zation of arid lands has produced a 
new view which may change the 
whole concept of groundwater re- 
charge in Arizona and other arid 
lands. The three-year research pro- 
gram in which five major fields of 
science are represented is supported 
by the University, The Rockefeller 
Foundation, and the groundwater 
branch of the U. S. Geological Sur- 
vey. A. R. Kassander, Jr., chairman 


of the committee, revealed the new 
geology-groundwater _ relationship 
development. The members of the 
program are highly pleased with 
initial results. 

e J. B. Cunningham has retired as 
head of the Dept. of Mining & Met- 
allurgical Engineering at the College 
of Mines, University of Arizona. He 
will continue to serve as professor. 
Thomas M. Morris is the new head 
of the department, effective in Sep- 
tember. Professor Morris has taught 
for a number of years at the Mis- 
souri School of Mines and Metal- 
lurgy. In another departmental 
change, the chemical engineering 
curriculum will be given separate 
status next year, no longer within 
the Mining and Metallurgical Dept. 
The new department will be headed 
by Donald H. White. 


Colorado School of Mines 
An unrestricted gift of $10,000 
has been donated by the American 
Metal Climax Foundation to the 


Colorado School of Mines and will 
be used for faculty improvement. 
American Metal and Climax indi- 
vidually had been consistent sup- 
porters of the mineral engineering 
program at the school, and this is 
their first gift together since their 
merger in 1957. 


Virginia Polytechnic Inst. 

The Department of Geological 
Sciences of Virginia Polytechnic 
Inst. has been awarded approxi- 
mately $9000 by the National Science 
Foundation for an undergraduate 
research program in geology and 
geophysics. Ten selected seniors have 
received $450 plus subsistence, lodg- 
ing, and travel while in the field. 
They were enrolled in the Sum- 
mer Field Geology Course at Salt- 
ville, Va., from June 15 to July 25, 
conducting field research projects 
under supervision. They will con- 
tinue their research on the campus 
in the fall and winter, offering pa- 
pers covering their findings. 
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> Louis B. Slichter Will Receive The Jackling Award 
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Rocky Mountain Meet 


Debates Coal’s Future 

The 55th annual meeting of the 
Rocky Mountain Coal Mining In- 
stitute was held at the Antlers Hotel, 
Colorado Springs, from June 29 to 
July 1. R. R. Williams, Jr., manager 
of mines for Colorado Fuel and Iron 
Corp. in Pueblo, Colo., is president 
of the organization. Mr. Williams 
opened the meeting by commending 
the management of the coal industry 
for their increasing efficiency in 
mining that has permitted a stable 
price for coal. 

A business session began the 
three-day conference with the elec- 
tion of officers for the coming year. 
W. K. Dennison, manager of Raton 
operations, Kaiser Steel Corp., be- 
came the new president. Vice presi- 
dents elected are Victor Forstrom, 
A. Z. Dimitroff, C. M. McConnell, 
C. C. Cornelius, and G. E. Sorensen. 

Fred W. Whiteside, consulting 
engineer, will be secretary-treas- 
urer, and the executive board is as 
follows: W. M. Kerr, M. C. Heffel- 
man, Tony Fratto, Edward Prostel, 
and C. W. Johnson. 

Honorary life memberships were 
also awarded at the business session 
to the following retired members: 
J. R. Kastler, Fred Koelling, J. B. 
Morrow, Gomer Reese, and G. H. 
Smith. 

After the business session, key- 
note remarks were given by Elmer 
F. Bennett, Under Secretary, U.S. 
Dept. of the Interior. He expressed 
the need for the coal industry to 
keep abreast of developments in the 
western states, citing increased 
population and advanced _tech- 
nology as reasons for his stand. Coal 
production is substantially lower 
than it was two decades ago, but 
new developments and reopened 
mines show that a brighter future is 
possible for coal if added effort is 
made now at the laboratory level. 

R. T. Person discussed Fuel for 
Tomorrow’s Power, pointing out that 
utilities now consume 100 pct more 
coal than they did in 1947, replacing 
the loss of the railroad fuel market. 
By 1965 there should be a 50 pct in- 
crease in residential power con- 
sumption. Competition from nuclear 
power, not a threat before 1965, and 
oil-shale gas necessitate increased 
efficiency and better cooperation be- 
tween coal and power companies for 
aot highest possible utilization of 
coal. 
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Recent Trends in Coal Strip Min- 
ing was the topic covered by L. M. 
Cooley, manager of Edna Coal Co. in 
Denver. He mentioned the ingenuity 
of equipment manufacturers and of 
management in reducing the cost of 
mining through use of better tools 
and methods. 


A. Lee Barrett, director of re- 
search and development at Joy 
Manufacturing Co., presented a 
paper on Face Dust Collectors and 
J. H. McKenzie, assistant safety di- 
rector for Socony Mobil Oil Co., 
gave an Evaluation of a National 
Safety Problem—Off-the-Job Acci- 
dents. His main points, after stating 
that accidents off-the-job are even 
more time and labor consuming 
than industrial accidents, were that 
people should organize for safety, 
inspect environmental hazards, and 
learn the proper steps in case an ac- 
cident does occur. 


Functions and Policies of the In- 
dustrial Commission of the State of 
Utah was the presentation of Otto A. 
Wiesley, chairman of the commis- 
sion. He declared that since its in- 
ception in 1917 the commission has 
increased in effectiveness through 
cooperation with labor, manage- 
ment, and the medical and legal 
professions. 


Tony Fratto, maintenance super- 
intendent for Independent Coal & 
Coke Co., discussed Power Distribu- 
tion and Power Cables for AC 
Shuttle Cars. He described the Cas- 
tle Gate installation, showing a 
substantial reduction in costs of 
supplies and labor for cable main- 
tenance over previous systems. 


Two films were included in the 
program, presented by Warren Ger- 
ler of Link-Belt Co. and R. E. Cope 
of Texaco Inc. The first film showed 
the operations of the Moss No. 3 
plant of Clinchfield Coal Corp., and 
the second film covered the charac- 
teristics, testing, and compounding 
of hydraulic fluids for industrial ap- 
plications. 

Final speakers covering coal 
mining topics were J. W. Woomer, 
consultant; Earl R. Maize, USBM 
safety engineer; and Leif Arentz, 
Lee-Norse Co. 

Their papers presented at the 
conference included Responsibilities 
of Management and Engineers in 
Helping the Coal Industry Get New 
Money to Perpetuate Itself, Coal 
Mining in Australia, and Bending 
Coal Mine Roof. 


‘ COAL 
DIVISION 


1960 Strata Control 
Conference Scheduled 


An International Conference on 
Strata Control is being planned by 
the French Coal Industry for May 
16 to 20, 1960, in Paris. AIME mem- 
bers are cordially invited to attend. 
The conference will be held at the 
Centre Marcellin-Berthelot (Maison 
de la Chimie) 28, rue Saint-Dom- 
inique. It is being organized by the 
Centre d’Etudes et Recherches des 
Charbonages de France. 


Official conference languages will 
be French, English, and German. 
The papers will be translated and 
distributed to all delegates in ad- 
vance so that the working sessions 
will be devoted exclusively to dis- 
cussion of the papers. An interna- 
tional committee has been selected 
from Germany, Belgium, Great Brit- 
ain, France, and The Netherlands, 
to choose the papers and make final 
arrangements. 


Since the field of strata control is 
very wide, the conference is re- 
stricted to a limited number of prob- 
lems, to ensure that these questions 
are examined thoroughly. The in- 
vestigation of pressure and its effects 
in underground winning workings 
and the roads serving these work- 
ings, particularly the recent results 
obtained from laboratory experi- 
ments, underground measurements 
and observations will constitute a 
major portion of the conference. 
Problems relating to work in shafts 
and in main roads, or dealing with 
methane, or instantaneous outbursts 
are excluded from the conference, 
as is the study of surface movements. 

Papers discussing support equip- 
ment may only be presented by 
practical mining experts, and must 
describe practical applications of 
the equipment. Papers on supports 
by manufacturers will not be ac- 
cepted. 


The last working session of the 
conference will be reserved for the 
presentation of the national reports 
which will provide, country by 
country, a general statistical survey 
of developments and trends in roof 
control technique. 

An open invitation to submit pa- 
pers for the conference is extended 
by the committee to all AIME 
members. 


d 
— | 
é 


the 


Okley B. Bucklen (right) received the Old Timers Club award at the Annual Buckhart 
Mining Society Dinner from his brother, Ellis Bucklen, who won the award in 1954. 


e Southwestern New Mexico Sec- 
tion held its annual meeting in the 
Bayard Lions Club on Jan. 30, 1959. 
Vice Chairman Snell presided. The 
following nominations for 1959 offi- 
cers were approved: Clarence C. 
Snell, chairman; Robert W. Shilling, 
first vice chairman; John M. Sudler, 
second vice chairman; and David W. 
Boise, secretary-treasurer. After the 
business reports Barney L. Himes 
spoke on Human Relations in Indus- 
try and Howard A. Wilmeth gave a 
paper on Chino’s proposed skip 
hoist. At a later date Chairman 
Snell appointed Charles L. Lockart 
chairman of the membership com- 
mittee and Rupert B. Spivey chair- 
man of the program committee. 

e Highlights of the May meeting of 
the Adirondack Section were the 
mine and mill trips through Repub- 
lic Steel Corp.’s operation at Mine- 
ville, N. Y. After the dinner, finan- 
cial matters were discussed and 
Student Affairs prizes were awarded 
for the best essays as judged by 
Gene Eastman, Mike Reilly, and Bob 
Heinrich. First prize went to Judy 
Shattuck, second prize to Frances 
Michalik, third to Paul F. LeBlanc. 
Those who received honorable men- 
tion were: Martha Evans, Nola Joy 
Risley, and Maisha Latham. 

e The Colorado Plateau Section 
spring meeting featured technical 
papers, tours, family fun, dinner, and 
dancing, with headquarters at the 
Beaumont Hotel, Ouray, Colo. on 
June 20. After a morning of swim- 
ming, a business meeting convened 
and the following papers were pre- 


sented: Coal, Coal Photography in 
Connection with the Nevada Power 
Project, by F. L. Smith; Standard 
Uranium’s Program for 1959 for the 
San Juan Mountains, by R. Wood; 
and The Development of the Oil and 
Gas Fields in the Paradox Basin. A 
new chairman was elected to finish 
the term of J. W. Halser who has 
moved to Denver. Gilman C. Ritter 
became chairman while Mark Ship- 
man remained second vice chairman, 
and T. S. Ary secretary-treasurer. 


AIME Student Chapters 


The following AIME Student 
Chapters were omitted from the 
listing on pages VII and VIII of the 
SME Directory Section, 
ENGINEERING, July 1959 issue: 
Carnegie Inst. of Technology— Pitts- 

burgh, Pa. —The Metals Club. 

William R. Bitler, Faculty Spon- 

sor; Robert F. Mehl, Dept. Head. 

Case Inst. of Technology—Cleveland 
—Case Metallurgical Engineering 
Soc. G. W. Form, Faculty Sponsor; 
A. R. Troiano, Dept. Head. 

City College of New York—New 
York—CCNY Student Chapter of 
AIME. Daniel T. O’Connell, 
Faculty Sponsor; Kurt E. Lowe, 
Dept. Head; James Fox, Chapter 
Counselor. 

Colorado School of Mines—Golden, 
Colo.—Petroleum Student Chapter. 
David Rowland, Faculty Sponsor; 
James O. Ball, Dept. Head. 

Cornell University—Ithaca, N. Y.— 
—Cornell Metallurgical Soc. C. W. 


Spencer, Faculty Sponsor; C. C. 
Winding, Dept. Head. 

University of Houston—Houston— 
Petroleum Student Chapter of 
AIME. H. L. Overton, Faculty 
Sponsor; C. V. Kirkpatrick, Dept. 
Head; Neal Emory, Chapter Coun- 
selor. 

Lafayette College—Easton, Pa.— 
John Markle Metallurgy Soc. C. 
Burroughs Gill, Faculty Sponsor; 
Leon J. McGrady, Dept. Head. 

Lehigh University—Bethlehem, Pa. 
Student Metallurgical Soc. R. D. 
Stout, Faculty Sponsor and Met. 
Dept. Head. 

Louisiana Polytechnic Inst.—Ruston, 
La.—Soc. of Petroleum Engineers, 
AIME Student Chapter. James A. 
Wasson, Faculty Sponsor; Melvin 
A. Nobles, Dept. Head. 

Louisiana State University—Univer- 
sity, La—Student Chapter of Soc. 
of Petroleum Engrs. Benjamin C. 
Craft, Faculty Sponsor and Dept. 
Head. 

University of Michigan—Ann Arbor, 
Mich.—Michigan Metallurgical 
Soc. C. A. Siebert, Faculty Spon- 
sor; Donald L. Katz, Dept. Head. 

New York University—University 
Heights, N. Y.—Student Chapter 
of AIME. Kurt Komarik, Louis 
Stone, Faculty Sponsors; John P. 
Nielsen, Dept. Head. 

Ohio State University—Columbus, 
Ohio—AIME Student’ Branch. 
George St. Pierre, Faculty Spon- 
sor; Mars G. Fontana, Met. Engr. 
Dept. Head. 

University of Oklahoma—Norman, 
Okla.—Petroleum Engineers Club. 
W. F. Cloud, Faculty Sponsor; 
John M. Campbell, Dept. Head. 

Polytechnic Inst. of Brooklyn— 
Brooklyn, N. Y.—Student Chapter 
AIME. Victor Franceschini, Fac- 
ulty Sponsor and Dept. Head. 

Southwestern Louisiana  Inst.— 
Lafayette, La—AIME Student 
Chapter. G. G. Varvaro, Faculty 
Sponsor and Dept. Head. 

Syracuse University—Syracuse, N. Y. 
Syracuse Univ. Student Chapter of 
AIME. George Sachs, Dept. Head. 

A & M College of Texas—College 
Station, Texas—Petroleum Club. 
D. M. Bass, Faculty Sponsor; Ro- 
bert L. Whiting, Dept. Head. 

Wayne University—Detroit, Mich — 
AIME Student Chapter. Charles 
A. Nagler, Faculty Sponsor; H. G. 
Donnelly, Dept. Head. 

Yale University—New Haven, Conn. 
Yale Metallurgical Soc. Maur J. 
Weldon, Faculty Sponsor; Wm. D. 
Robertson, Dept. Head. 
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Personals 


Appointment of A. L. Stewart as 
engineer-in-charge of crushing, 
grinding, and minerals processing 
machinery has been announced by 
Allis-Chalmers Manufacturing Co. 
He has been regional representative 
in Cleveland since 1955. 


Among the past presidents of the 
American Industrial Hygiene Assn. 
to be honored for their service was 
William P. Yant, the first AIHA 
president in 1939. Dr. Yant received 
a bronze placque in acknowledg- 
‘ment of his 20 years of service to 
the organization. 


A. L. STEWART W. P. YANT 


In recent elections of the board of 
directors of the National Coal Associ- 


ation. R. L. Ireland, chairman of the 
executive committee of Consolidation 
Coal Co., was elected vice chairman, 
and George E. Enos continued as 
treasurer. Mr. Enos is president of 
Enos Coal Mining Co. A revised 
charter and new bylaws of the asso- 
ciation have been adopted with 35 
members elected to the new board of 
directors. Frank F. Kolbe, retiring 
president, will be a board member ex 
officio. Regional directors elected for 
a term of one year are as follows: 
H. LaViers; R. L. Ireland; F. Nugent; 
J. T. Berta; H. V. Fritchman; R. P. 
Tibolt. Directors elected for two-year 
terms are: C. R. Griffith; M. Eastin, 
Jr.; H. G. Schmidt; G. E. Owen; R. 
H. Knode; H. E. Jones; N. Thomas. 
The following directors will serve for 
three years: K. A. Spencer; W. J. 
O’Connor; G. Bonnyman; H. C. 
Woods; G. E. Enos; R. T. Todhunter, 
Jr.; and S. A. Caperton. Elected 
directors-at-large for one year are: 
R. E. Salvati; F. S. Elfred; H. C. 
Livingston; D. L. Francis; and W. S. 
Webster. Those who will serve for a 
two-year term are: A. R. Matthews; 
H. St. Clair; D. W. Buchanan, Jr.; W. 


H. Ritter; J. L. Kemmerer, Jr. Three- 
year directors-at-large are: J. R. 
Maust; S. Colnon; S. F. Sherwood; 
N. H. DeBardeleben; and N. E. Kelb. 


The National Academy of Sciences- 
National Research Council has ap- 
pointed a committee to determine 
how materials research and develop- 
ment in the U. S. can be accelerated 
to meet the increasing demands. 
AIME members on the committee in- 
clude Clyde Williams, the chairman, 
A. J. Herzig, Augustus B. Kinzel, J. 
D. Morgan, Jr., T. B. Nolan, A. J. 
Phillips, F. Seitz, C. S. Smith, and 
D. Swan. 


Walter V. Spotte, until recently sales 
engineer for Joy Manufacturing Co.’s 
Pittsburgh district office, has been 
promoted to assistant sales manager, 
St. Louis territory, with head- 
quarters in Chicago. Walter G. Hutz 
has been assigned to the district 
vacated by Mr. Spotte, with head- 
quarters in Uniontown, Pa. He has 
been sales engineer in Huntington, 
W. Va. 


Donald D. Phelps, formerly tech- 
nologist, U. S. Steel Corp., has been 
made research engineer for Dravo 
Corp. in Pittsburgh. 


Morson S. Fotheringham received 
the platinum medal from The In- 
ternational Nickel Co. of Canada Ltd. 
at the annual dinner of the Canadian 
Inst. of Mining and Metallurgy in 


PROPOSAL FOR AIME 
MEMBERSHIP 


I consider the following per- 
son to be qualified for member- 
ship and request that a mem- 
bership kit be mailed to him: 


Name of Prospective Member: 


Name of AIME Member: 


CHANGE OF ADDRESS AND PERSONALS FORM 


29 West 39th Street, New York 18, N. Y. 


CHANGING YOUR ADDRESS? pon't forget to notify us six (6) weeks before you 
move, if possible, to insure uninterrupted receipt of your publications and correspond- 
ence. Please fill in the form below and send it to: J. F. 


Lynch, Asst. Treasurer AIME, 


Old Address 


New Company and Address 


PERSONALS: 
items is six weeks before date of issue.) 


Please list below your former company and title and your new title and 
company (or new work) for use in Mininc Enocineerinc. (Copy deadline for perso 


Former Company 


Former Title 


New Company 


Length of Time There —..... 


New Title 


Date of Change 


Any recent activity that would be of interest to members: 
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Address 


Montreal. Mr. Fotheringham be- 
came president of Steep Rock Iron 
Mines Ltd. in 1950. 


John Alico has recently been ap- 
pointed director of engineering for 
the Walworth Co., responsible for all 
engineering functions of the valve 
and fittings manufacturers. 


Dorr-Oliver Inc. announced the re- 
tirement of Arthur Terry, Jr., as vice 
president for international adminis- 
tration and as director of the com- 
pany. 


J. ALICO A. TERRY, JR. 


James E. Cleveland of Ingersoll- 
Rand Co. has transferred from the 
Knoxville, Tenn. office where he 
was office engineer, to the El Paso, 
Texas office where he is now sales 
engineer. 


R. G. Vervaeke has been appointed 
manager of the Pascagoula Works 
for H. K. Porter Co. Inc. in Pitts- 
burgh. 


D. W. Fuerstenau has left Kaiser 
Aluminum & Chemical Corp., where 
he was manager of mineral engin- 
eering, to become associate profes- 
sor of metallurgy in the Dept. of 
Mineral Technology, University of 
California at Berkeley. 


Mark Lintz, mining and metallur- 
gical engineer of Prescott, Ariz., has 
returned to his office after two 
months of examination work in 
Alaska. ; 


O. C. Rheinheimer is retiring from 
Cia. Minera de Penoles, S. A., after 
30 years of service with the parent 
company and in Monterrey where 
he was unit mine manager. His 
home is in El Paso, Texas. 


Rex Hodge has become master 
mechanic for Stearns Coal & Lum- 
ber Co. He had been instrumentman 
with Louisville & Nashville Rail- 
road Co. in Covington, Ky. 


Lisle R. Messer, field engineer for 
Pacific Foundry Co. Ltd., is in Al- 
maden, Spain, supervising the erec- 
tion of an additional 250 tpd facility 
with two Pacific furnaces for the 
reduction of mercury ores. 


Clinton O. Bunn, formerly assistant 
chief mechanical engineer in the 
U. S. Army Corps of Engineers, 
Albuquerque district, has been 
promoted to chief mechanical engin- 
eer and transferred to Fort Belvoir, 
Va. 


Frank J. Chernosky, who has been 
a research fellow at Michigan Col- 


Interior of shell of “XH” Ruggles- 
Coles Dryer showing lifting 


ights 
and feed spirals. = 


10’ diameter, 80’ long “XH” Ruggles- 
Coles Dryer drying bauxite in Jamaica. 


COMPANY, 


YORK, PENNSYLVANIA 


...in the drying of ores and 
concentrates. That is the story 
of Ruggles-Coles “XH” Dryers. 


Small or large, each dryer is 
designed for the specific re- 
quirements of the user with 
the knowledge and experience 
gained from hundreds of 
installations. 

Complete specifications upon re- 

quest. Ruggles-Coles Dryers are 

described in Bulletin AH 438-2. 


Four 80” diameter, 60’ long “XH” Ruggles-Coles Dryers hand 
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personals 


continued 


lege of Mining & Technology on a 
USBM fellowship, now is research 
technologist for Republic Steel 
Corp. at their research center in 
Cleveland. 


L. E. Montgomery is a computer for 
Geophysical Services Inc. and has 
transferred from seismic to gravity 
crew, working in the marsh and 
Gulf areas of southern Louisiana. 
His work includes drafting, com- 
puting survey data, contouring maps, 
handling expense accounts and 
personnel problems. 


Robert R. Guilinger, employed by 
Union Carbide Corp., has transferred 
from the Trace Elements Corp. 
where he was resident geologist, to 
Globe Mining Co., another unit of 
Union Carbide, where he will be 
chief geologist, stationed in River- 
ton, Wyo. 


T. M. WARE G. F. HALFACRE 


Thomas M. Ware, president of Inter- 
national Minerals & Chemical Corp., 
has been made chief executive officer 
after 12 years of service. He was 
named president in 1958. Louis Ware 
will continue as chairman of the 
board. 


George F. Halfacre has been elected 
vice president in charge of The New 
Jersey Zinc Co., succeeding Philip M. 
Ginder, who has retired. Mr. Half- 
acre was general superintendent of 
the Palmerton plant and manager of 
manufacturing. 


Morely S. Romanuck, formerly 
geologist for W. S. Moore in Du- 
luth, now is sales engineer with 
Atlas-Copco Ltd. in Winnipeg, 
Manitoba, Canada. 


Milton A. Lagergren has _ been 
appointed project engineer in the 
Western Mining Divisions Engi- 
neering Dept. of Kennecott Copper 
Corp. at Salt Lake City. His most 
recent assignment was assistant to 
chief engineer for Southern Peru 
Copper Corp. on the Toquepala, 
Peru project. 


Robert K. Young, Western-Knapp 
Engineering Co., has_ transferred 
from San Francisco where he was 
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project manager, to Chicago, to be 
district construction manager. 


Heyward M. Wharton was recently 
transferred from the Grand Junc- 
tion, Colo., office of Union Carbide 
Nuclear Co. to the company’s explor- 
ation office in Reno, Nev. 


William Homer Young, Jr., formerly 
with Phelps Dodge Corp. as relief 
crusher foreman, is in Tacna, Peru, 
starting operations on the Toquepala 
project for Southern Peru Copper 
Corp. as primary crushing shift boss. 


Lawrence E. Smith, formerly chief 
geologist for North Range Mining 
Co., has become consulting engi- 
neer with his specialty open-pit, low 
grade Nevada gold. His address is 
5049 Cottonwood Lane, Salt Lake 
City. 


R. A. Chadwick, III, has become 
assistant professor of geology at 
Long Beach State College, Long 
Beach, Calif. He had been senior 
geologist, Tri-State Mines Unit, for 
Eagle-Picher Co. in Cardin, Okla. 


John W. Barnes was appointed 
deputy director of the Source 
Material Procurement Div. at the 
Grand Junction Operations office of 
the U. S. Atomic Energy Commis- 
sion. Mr. Barnes has spent three 
years as chief of the planning and 
evaluation branch of the division. 


George C. Horak has been promoted 
to assistant professor in mining 
engineering at Lehigh University. 
He had been an instructor and 
received his M. A. from Lehigh in 
June. 


W. L. Dotson will be shift boss in 
the Southern Peru Copper Corp. 
concentrator now being built in 
Toquepala, Peru. First operations 
were scheduled to start in August. 


Warren H. Westphal, formerly chief 
geophysicist for Utah Construction 
Co., now is senior geophysicist at 
Stanford Research Inst. in Menlo 
Park, Calif. He had been located 
in Salt Lake City. 


Ellis B. Herrington, Jr., who had 
been geologist for American Smelt- 
ing and Refining Co., has accepted 
the position of assistant geologist 
at Kennecott Copper Corp.’s opera- 
tions in Silver City, N. M. 


William R. Moliken of Inland Steel 
Co., was utility foreman until June 
when he became assistant general 
heating foreman at the No. 2 coke 
plant in Calumet City, Ill. He had 
been in Steger, 


John E. Norton, formerly engineer 
for The Anaconda Co., retired in 
June after 35 years, and moved 
from New York City to Houston, 
Texas. 


Donald J. Frendzel graduated in 
June from Pennsylvania State 
University with an M. S. in mineral 


| DRILLING COMPANY 


economics and began working for 
the U. S. Bureau of Mines Div. of 
Foreign Activities as a commodity- 
industry analyst. He moved from 
Monroeville, Pa., to Silver Spring, 


E. 1. RENOUARD J. ROSENBLATT 


Edward I. Renouard, newly-elected 
vice president in charge of Western 
Operations, The Anaconda Co., was 
named chairman of the program 
committee for the 1959 Metal Mining 
and Industrial Minerals Convention 
of the American Mining Congress in 
Denver on September 14 to 17. 


Joseph Rosenblatt, president of The 
Eimco Corp., was elected an in- 
dustrtal director of the Federal Re- 
serve Bank of San Francisco. 


J. F. Sulzbach, formerly specialist 
4th class, civil engineers assistant, 
in the U. S. Army, now is shift 
boss for the U. S. A. Snow, Ice, and 
Permafrost Research Establish- 
ment in northwestern Greenland 
where he is working on a tunnel- 
ing project. 


Howard L. Waldron, formerly pro- 
fessor of mining engineering at the 
University of North Dakota, cur- 
rently is assistant to the director, 
Mining Research Laboratory, Colo- 
rado School of Mines. He will in 
addition study for a doctorate in 
the fall. 


Robert I. Davis, geologist for Cia. 
Minera de Penoles, S. A. for five 
years, has accepted the post of 
assistant professor of geology at St. 
Louis University in Webster Groves, 
Mo. 


Joseph C. Bennett has become a 
mining engineer for the M. A. Hanna 
Co. in Hibbing, Minn. He had been 
a graduate student at Stanford 
University. 


Daniel Habid, formerly student at 
City College of New York, now is 
a graduate student and student 
assistant at the University of 
Kansas. 


Rowland King, mining engineer and 
metallurgist, retired from active 
duties last year and has been out 
of the country since then. 


Lewis D. Clark, professor of min- 
ing engineering at the University 
of Wisconsin, is conducting a pro- 
gram of observation and study in 
the Montana field of Shell Oil Co. to 
give life to the Introduction to Pe- 
troleum Development course that he 
teaches. 
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Wilbert J. Trepp, General Chemical 
Div. of Allied Chemical Corp., has 
been promoted from assistant man- 
ager to manager of mining opera- 
tions with headquarters in Morris- 
town, N. J. 


Enrique Chico Villasenor, who was 
chief engineer with American 
Smelting & Refining Co., now is 
mine foreman for Cia. Minera 
Asarco, S. A. in Santa Barbara, 
Mexico. 


Enfield B. Bell is now associated with 
Pato Consolidated Gold Dredging 
Ltd. and will be in charge of explo- 
ration in Brazil for Cia. Exploracao 
de Minerica Brasilia, a Brazilian 
subsidiary now being organized. He 
was formerly employed by Paul 
Weir Co. in Korea. 


Clinton L. Milliken has been perma- 
nently transferred to the Chicago 
office of Kaiser Engineers, Div. of 
Henry J. Kaiser Co. 


Robert L. Lee is with Shell-BP 
Petroleum Co. of Nigeria on a 


transfer from Cia. Shell de Venezu- 
ela Ltd. He is a safety engineer 
working with problems of accident 
prevention in exploration, drilling, 
and production sites in the Niger 
Delta where scattered bush roads 
present constant hazards. 


Elliot J. Brebner received an MS. 
in mining in February and began 
work with Pickands Mather & Co. 
at Hoyt Lakes, Minn. as process 
development engineer. 


William E. Byers, formerly general 
superintendent for Boone County 
Coal Corp., now represents Good- 
man manufacturing Co. as sales 
engineer in Logan County, W. Va. 


- 


W. K. DENNISON G. D. BELLOWS 


William K. Dennison has been ap- 
pointed mine superintendent in 
charge of Kaiser Steel Corp.’s coal 
mining operations at Raton, N. M. 
George D. Bellows has been elect- 
ed a vice president of the Paul 
Weir Co. Inc. He has been in charge 
of the Ferrous and Non-Ferrous 


Mining Dept. in Korea where the 
firm is supplying technical assis- 
tance to the government. 

Fred H. Howell, senior geologist 
with Kennecott Copper Co., trans- 
ferred from the Braden Copper Co. 
in Rancagua, Chile, to Salt Lake 
City, where his home address is 
2610 East Milo Way. 


Royale J. Stevens, formerly em- 
ployed as a metallurgical and smelt- 
ing specialist in the Western Mining 
Divs. of Kennecott Copper Corp., 
has now been appointed general 
superintendent of the reduction 
plant at the Chino Mines Divs. in 
New Mexico. 


Paul D. Proctor, chairman of the 
Geology Dept., Missouri School of 
Mines, has been doing consulting 
work for U. S. Steel’s Columbia 
Iron Mining Co. in the western 
states. 

Jon T. Langstaff has become a high- 
way engineer for the U. S. Forest 
Service at Deschutes National For- 
est. He had been a student at Mis- 
souri School of Mines. 


Wilford S. Wright of the Interna- 
tional Cooperation Administration, 
formerly minerals survey advisor in 
the Philippines, has completed his 
report there and moved to Iran as 
a mining engineer. 

Jack E. Morris has been appointed 
general manager of the Container 
Div., Jones & Laughlin Steel Corp. 
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His headquarters are in Pittsburgh. 
He had been director of product 
development in the general office. 


James A. Williams has been ap- 
pointed director of the Div. of Mines 
and Minerals for Alaska. Richard V. 
Murphy, petroleum engineer, is in 
the Anchorage office along with 
Philip R. Woodside, petroleum geo- 
logist. 


Edmund G. West has become an 
engineer with the Eimco Corp. in 
Salt Lake City. He had been a re- 
porter on the Grand Forks Herald 
in North Dakota. 


Raymond C. Barkley, exploration 
geologist for Kerr-McGee Oil In- 
dustries, transferred from Monti- 
cello, Utah, to Albuquerque, N. M. 


Joseph B. Elizondo, formerly gen- 
eral superintendent of mines for 
Eagle-Picher Co., now works for 


White Pine Copper Co. in White | 


Pine, Mich. 


George L. Ziminsky of Atlas Pow- 
der Co. no longer is utilities engi- 
neer at the Reynolds plant, but is 
purchasing agent in Wilmington, 
Del. 


F. R. TOOTHMAN B. C. BERRY 


Fred R. Toothman has been appoint- 
ed engineer of coal properties with 
headquarters at Huntington, W.Va., 
for the Chesapeake and Ohio Rail- 
way. In 1958 he had been promoted 
to administrative assistant engin- 
eer. 


Bernard C. Berry, chairman of the 
board of directors of the Allen- 
Sherman-Hoff Co., has retired from 
active management duties. He will 
continue with the firm in a con- 
sulting capacity. 


Richard L. Osler, who had been pro- 
ject engineer for Universal Atlas 
Cement Div. of U. S. Steel Corp., 
now is general manager of Carib- 
bean Cement Co. in Jamaica, B.W.I. 


E. E. Hawley, formerly vice presi- 
dent and manager of Trans-Pacific 
Metals Inc., now is a mining con- 
sultant specializing in property in- 
spection, development, and manage- 
ment, in Sausalito, Calif. 


Donald M. Forsman has accepted 
the position of assistant metallurgi- 
cal engineer with Chile Exploration 
Co. in Chuquicamata. He had been 
assistant research engineer for Ana- 
conda. 


James W. Coulon has become as- 
sistant to mine superintendent of 
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Westvaco Chlor-Alkali Div., Inter- 
mountain Chemical Co., after two 
and a half years with the United 
States Fuel Co. as mine planning 
engineer. He is located in Green 
River, Wyo. 


John M. Bratt, formerly student at 
the University of Minnesota, has ac- 
cepted the position of mining engi- 
neer for Oliver Iron Mining Div. of 
U. S. Steel, in Hibbing, Minn. 


Bert W. Thomsen graduated from 
South Dakota School of Mines and 
Technology in June and is living in 
Montebello, Calif. 


R. H. Hughes, president of Clinch- 
field Coal Co., has accepted the 
chairmanship of the program com- 
mittee for the 1960 Coal Convention 
of the American Mining Congress. 


Parke A. Hodges, vice president of 
Behre Dolbear & Co., is conducting 
a mineral reconnaissance in Haiti. 


H. C. Gunning, formerly dean of ap- 
plied science at the University of 
British Columbia, now is consulting 
geologist for Anglo-American Corp. 
of South Africa, Ltd. acting as con- 
sulting geologist in Salisbury, Rho- 
desia. 


Charles F. Herbert, who had been a 
partner in Yukon Placer Mining Co., 
now is self-employed as a consulting 
engineer doing placer examinations 
in Canada and South America, and 
copper deposits in Alaska. 


J. Gary Mitton, who had been pro- 
moted from metallurgist-ore dress- 
ing to senior metallurgist-concen- 
trating department for Cerro De 
Pasco Corp., has been in San Felipe, 
Chile, during April, May, and June, 
carrying out pilot concentration tests 
on the new Rio Blanco orebody. He 
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also observed the operations at 
Chuquicamata and Braden in Peru. 


Guy E. Ingersoll retired in June as 
associate professor of mining and 
metallurgy at Texas Western Col- 
lege. He is now engaged in consult- 
ing work in mining engineering. 


Richard V. Wyman, vice president 
of Western Gold and Uranium Inc., 
has organized the new firm Inter- 
mountain Exploration Co. for con- 
sulting and exploration work in iron 
and other metals in the western 
states. 


G. H. HARRIS F. A. BRINKER 


The appointment of Guy H. Harris 
to the position of associate scientist 
for the Dow Chemical Co. has been 
announced. Mr. Harris had been 
project leader at the Western Div. 
research laboratories. 


Fred A. Brinker was named general 
manager, Western Div., of Vanadi- 
um Corp. of America. He was for- 
merly chief metallurgist. 


R. G. Pinkerton left his position as 
junior mine engineer with Potash 
Co. of America and joined Boyles 
Bros. Drilling Co. as mining engi- 
neer. He is located in Salt Lake City. 


R. V. Taborelli has been promoted 
to the rank of Captain in the U. S. 
Naval Reserve. He is head of the 
engineering department the 
Lovelace Foundation for Medical 
Education and Research at Albu- 
querque, N. M. 


N. A. Whittaker has been actively 
engaged in mining and prospecting 
in Montana in the Running Wolf 
Creek iron deposits. During the 
winter he will be developing several 
high grade iron ore properties in 
California. 


factors plus durable construction 


Fort Wayne 3, Indiana 


Robert E. Swain, center, has been 
awarded the Frank A. Chambers 
Award, established by the Air Pollu- 
tion Control Assn., for his special 
contributions to the science. John F. 
Barkley, right, received the Richard 
Beatty Mellon award for “the suc- 
cessful control of air pollution in the 
nation’s capital” for the U. S. Bureau 
of Mines. Shaking hands with Mr. 
Swain at left is Milton Reizenstein. 


Jerry M. Whiting, assistant editor of 
Mining Congress Journal, has re- 
signed to accept the position of as- 
sistant professor of mining engi- 
neering at the University of Idaho’s 
College of Mines in Moscow, Idaho. 


Sim S. Clarke, Baxter Springs, Kan., 
has been reappointed to The Mineral 
Industries Council of The Kansas 
State Geological Survey. 


N. A. WHITTAKER 


J. M. WHITING 


Teams working with the Montana 
Bureau of Mines and Geology have 
undertaken a number of field pro- 
jects during the summer. Frank A. 
Crowley visited small mines to 
gather data for the 1959 directory. 
Uuno M. Sahinen and Ralph I. Smith 
continued their project on clay and 
shale deposits. R. G. McMurtrey and 
R. L. Konizeski, under the super- 
vision of F. A. Swenson, district 
geologist, have been conducting a 
study of the geology and ground- 
water resources of Powell and Deer 
Lodge Counties. This study and an- 
other by E. A. Zimmerman, in Hill 
and Blaine counties, are in coopera- 
tion with the USGS. Mr. Zimmer- 
man will also be studying Judith 
Basin and Fergus counties. V. E. 
Gwinn has been studying the struc- 
ture of the Northern Flint Creek 
Range and Dunkleburg mining dis- 
trict for his doctoral thesis. D. N. 
Rubel has been investigating vol- 
eanic rocks of Park county, also for 
a doctoral thesis. Montana lime- 
stones were analyzed by Thomas J. 
Cash. Willis M. Johns and two sum- 
mer assistants, Lawrence Beer and 


| 
SuporDuty 
TABLE 


D. M. Hutchinson have been work- 
ing on mineral resources in the 
northwestern part of the state. Ken- 
neth F. Fox, Jr., was assigned the 
study of geology in the Mill Creek 
Basin, a little known area, and his 
field work was scheduled for com- 
pletion in September. 


The Maine Geological Survey has 
announced the appointment of Rob- 
ert G. Doyle as its new state geolo- 
gist. Mr. Doyle came to the Survey 
last year as assistant to the state 
geologist, John R. Rand, recently 
retired. 


Robert B. Aitchison, the engineer 
who developed the _ jet-piercing 
flame process to obtain a new source 
of iron ore from hard rock, will re- 
ceive a John Price Wetherill Medal 
from The Franklin Institute in Oc- 
tober. Mr. Aitchison is consulting 
engineer for Linde Co., Div. of 
Union Carbide Corp. 


R. G. DOYLE R. B. AITCHISON 


Howard B. Nicholas, formerly as- 
sociated with the Ames Laboratories 
of the Atomic Commission, has 
joined Hawley & Hawley Inc. as 
chief chemist and laboratory mana- 
ger. 


Charles E. Schwab has been named 
general manager of Kellogg opera- 
tions of The Bunker Hill Co., effec- 
tive Jan. 1, 1960. Mr. Schwab is pres- 
ently assistant to the president and 
chairman of the industry’s Emer- 
gency Lead-Zinc committee. 


Denver Equipment Co. announces 
sales staff changes for added service. 
James E. Quinn, who has been sales 
engineer in the Western Div., has 
been promoted to manager of the 
division. Clyde V. Johnson, who has 
served as assistant sales manager, 
has been promoted to manager of 
the Central Div. H. J. Gisler, chief 
metallurgist, becomes manager of 
the Eastern Div. Harold W. Harrah, 
formerly sales engineer in the Do- 
mestic Sales Div., has been trans- 
ferred to the International Sales 
Div. Richard W. Flagg, assistant 
director of the Denver Ore Testing 
Div., will now be chief metallurgist. 
And Norman L, Johnson, sales engi- 
neer, Eastern Div., has been trans- 
ferred to his new responsibilities in 
the International Sales Div. 


Justo B. Bravo has been named 
group leader, new products and 
processes, for the Foote Mineral Co. 
Meyer M. Markowitz advances to 
group leader of the thermodynamic 
and physical chemistry group. Law- 


rence J. Reader has been promoted 
to group leader of technical services. 
All three are in Berwyn, Pa. 


Frank W. Bowdish, who was senior 
chemical engineer at the Colorado 
School of Mines Research Founda- 
tion until August, has accepted the 
position of professor of metallurgy 
and head of the department of min- 
ing and metallurgy at New Mexico 
Inst. of Mining and Technology, 
Socorro, N. M. 


Arthur E. Poole has been appointed 
to the sales-engineering staff of the 
Filter Div., The Eimco Corp. He had 
been with Commercial Filters Corp. 
as chemical engineer. His home is in 
Linden, N. J. 


H. J. GISLER H. B. NICHOLAS 


The expanding staff of the Colorado 
School of Mines Research Founda- 
tion includes the following additions: 
W. Chris Spence, formerly general 
mill foreman at the Andes Copper 
Mining Co. in Chile; Manuel de 
Losada, formerly mill superinten- 
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dent at Cerro de Pasco Copper Corp. 
in Peru; Warren H. Yarroll, formerly 
mill superintendent at Texas Zinc 
Minerals Corp. operations in Mexi- 
can Hat, Utah; William P. White, 
research engineer with the Dow 
Chemical Co.; M. E. Defoe, formerly 
mill superintendent at the Chelan 
Div., Howe Sound Co.; Paul Smith, 
who was assistant mill superinten- 
dent at Fredericktown, Mo. for Na- 
tional Lead Co.; and Harold W. Mil- 
ler, formerly Technical Director of 
the Wah Chang Corp., Boulder Colo. 


Robert H. Stebbins, formerly geolo- 
gist with the Raw Materials Explora- 
tion Div., Columbia Iron Mining Co., 
U. S. Steel Corp., has joined the staff 
of Hunting Technical Services Inc. 
in New York, as chief geologist. 


George W. Boulter has been ap- 
pointed assistant manager of the 
mining division of Marion Power 
Shovel Co. He had been safety di- 
rector, Montana State Highway 
Dept. 


Frank L. Gaddy was recently em- 
ployed by the Chesapeake & Ohio 
Railway Co. as mining engineer in 
the coal development office at Hunt- 
ington, W. Va. He spent the last six 
years with the U. S. Bureau of 
Mines in Norton, Va. 


R. H. STEBBINS G. W. BOULTER 
Robert M. Hansen has been appoint- 
ed business development engineer 
for the Western-Knapp Engineer- 


ing Co. and will be located in Salt 
Lake City. Mr. Hansen has been 
with Western Machinery Co. as 
sales manager. 


F. L. GADDY 


R. G. BOTTORF 


Robert G. Bottorf has been ap- 
pointed sales manager of the Col- 
mar, Pa., plant of Link-Belt Co. He 
is a materials handling specialist 
and a designer of the company’s 
Philadelphia plant. 


Byron K. Hartman has been ap- 
pointed executive vice president and 
general manager of Syntron Co. He 
had been sales manager of the Col- 
mar plant of Link-Belt Co. 


R. M. HANSEN B. K. HARTMAN 


E. L. Clark has been appointed di- 
rector of the Department of Na- 
tural Resources, State of Colorado. 
Mr. Clark has been associated with 
Four Corners Oil & Minerals Co. 
since 1955, being responsible for the 
exploration and development pro- 
grams for the company. Previously 
he was state geologist of Missouri. 


Frank W. Chambers has been named 
executive vice president of Strategic 
Materials Corp., Buffalo. He was 
formerly director of engineering for 
Kennecott Copper Corp. 


James W. Minette, formerly a stu- 
dent at the Colorado School of 
Mines, now is mining engineer for 
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U. S. Borax & Chemical Co. in 
Boron, Calif. 

Kenton E. McElhattan has been ap- 
pointed product manager, miners 
and loaders, for Joy Manufacturing 
Co. Other new appointments include 
Edwin C. Cooney as manager, hoist 
and loader department, and Bryan 
J. Dickinson, manager, tungsten car- 
bide bit department. The latter two 
men will be in Claremont N. H. 
while Mr. McElhattan will be in 
Franklin, Pa. 

H. Eugene Mauck, who was general 
manager of Olga Coal Co., now is 
vice president of operations for 
Freeman Mining Corp. in Chicago. 
Mr. Mauck, who is Coal Division 
program chairman for 1959 and 1960, 
moved from Coalwood, W. Va. 


Obituaries 


Jon S. Mayer (Member 1950) was 
killed in an automobile accident on 
May 30, 1959. He had attended the 
Michigan College of Mining and 
Technology from 1951 to 1955. He 
was born in New York and lived on 
Long Island. 

Henry B. Parfet (Member 1946) died 
on May 29, 1959. He was manager of 
the South American Gold and Plati- 
num Co. in Columbia. His career in 
mining took him to Peru, Chile, 
Bolivia, and the Philippine Islands. 
Born in Golden, Colo., he attended 
the University of Michigan and the 
Colorado School of Mines. 

Chester H. Steele (Member 1916) 
vice president in charge of western 
operations for The Anaconda Co., 
died on May 19, 1959. Mr. Steele be- 
gan his long association with Ana- 
conda in 1916, the year he graduated 
from the Montana School of Mines. 
He headed the Butte geological de- 
partment from 1948 until 1952 when 
he was made general manager of 
western operations. He was a past 
chairman of the Montana Section and 
held many positions as director and 
president in community and industry 
life. 

Andrew W. Tolonen (Member 1920) 
died on Apr. 11, 1959. He had been a 
mining engineer for The Anaconda 
Co. for the past nine years. Born in 
Michigan, he attended the Michigan 
College of Mines, receiving B.S. and 
E.M. degrees. He began as an under- 
ground laborer and then became en- 
gineer for the Kennecott Copper 
Corp., in Alaska. He worked for 
several firms in South America, 
Canada, and West Africa. 


Charles W. Wheelock (Member 1920) 
who was born in Ohio, and worked 
in New York, passed away on May 
30, 1959. He was working, leasing, 
and examining mines in 1895 and be- 
came general manager of Engineer- 
ing Co. of America in New York in 


A 
| 


1905. His consulting work took him 
to South America, Europe, and on 


examinations all over North 
America. 


Worthen Bradley (Member 1929) 


native of San Francisco and active 


member of the San Francisco Sec- 


tion, recently passed away. He 
graduated from the University of 
California and began as assistant 


surveyor at Spanish mine, Nevada 
Co., and then as mucker for Atolia 
Mining Co. In 1927 he was superin- 
tendent of Eagle Venture, Panamint 
Valley, and then general superinten- 
dent of Sulphur Bank mine, where 
two years later he became manager. 
Beginning in 1933 he was president 
of Bradley Mining Co. of San Fran- 
cisco. 


Leo H. Glanville (Member 1943) died 
on June 2 at his home in Camarillo, 
Calif. He had been Climax Molyb- 
denum Co. (now American Metal 
Climax Inc.) ventilation engineer 
and safety director. 

Viggo Harms (Member 1956), process 
engineering specialist, died on May 
27, 1959. He had been a member of 
the Dorr-Oliver Inc. staff for more 
than 33 years in the Plant Engineer- 
ing Div. He graduated from the 
Polytechnical College of Copenhagen 
and joined the Dorr-Oliver subsidi- 
ary in Germany in 1926. He trans- 
ferred to the Hague in 1932 and came 
to the U. S. parent company plant in 
1941. 


Frank H. Hayes (Member 1913), 
former member of the War Produc- 
tion Board, died on March 29, 1959. 
He was born in Chicago and edu- 
cated at Columbia University, re- 
ceiving an E.M. degree in 1909. He 
worked for the Detroit Copper Co. 
in Morenci, Ariz., and in 1920 became 
assistant to the vice president and 
general manager of Phelps Dodge 
Corp. In 1922 he was superintendent 
of mines at Copper Queen Branch, 
Bisbee, Ariz. After his war service 
for the government he was appointed 
chief of the metals and minerals 
division of the National Production 
Authority. 

Clifford Hoag (Member 1930) passed 
away on Apr. 30, 1959. Born in 
Michigan, he received B.S. and E.M. 
degrees from the Michigan College 
of Mines and began his career with 
Shannon Copper Co. in Clifton, Ariz. 
He held a variety of positions from 
surveyor and shift boss to chief en- 
gineer and superintendent with this 
firm, then joined Miami Copper Co. 
and The Mexican Corp. Ltd. In 1930 
he was mine superintendent for the 
American Metal Co. in New Mexico. 
Later his career took him to the 
Ashanti Goldfields Corp. Ltd. in 
West Africa. 


William M. Keay (Member 1953), 
born in Chile, passed away in Hong 
Kong on Mar. 19, 1959. He was edu- 
cated in England at Dulwich College 
and University College, receiving a 
B.Sc. in 1921. He was a mine safety 


engineer, a consulting mining engi- 
neer, and in 1915 superintendent of 
mines to the Government of the 
Colony of Hong Kong. 


Malcolm B. Kildale (Member 1940), 
Utah geologist, died June 13, 1959. 
He had been chief geologist for 
International Smelting and Refining 
Co. since 1942. He graduated from 
Stanford University and went on to 
Columbia University for M.A. and 
Ph.D. degrees. For a few years he 
was a lecturer on mineralogy at 
Columbia and a professor of eco- 
nomic geology at Stanford. 


Milton S. Lindholm (Member 1917) 
passed away from a heart attack at 


the home of his daughter in Encino, 
Calif., on June 12, 1959. Mr. Lind- 
holm was born in Ortonville, Minn., 
and was graduated from the Univer- 
sity of Minnesota School of Mines in 
1911. He worked in Leadville, Colo., 
for one year and spent one year in 
Bisbee , Ariz., before leaving for the 
African Congo. There he prospected 
for diamonds for the Ryan-Guggen- 
heim group, under the supervision of 
the late Sydney H. Ball. When World 
War I broke out he returned to 
Arizona where he joined the 109th 
Engineers, and served in France. In 
1919 he returned to Bisbee where he 
joined the geological staff of the 
Calumet and Arizona Mining Co., 


TRIANGLE BRAND 


COPPE ‘SULPHATE 


For more than fifty years TRIANGLE 
BRAND COPPER SULPHATE has been 
the accepted activator for the removal 
of sphalerite from lead-zinc ores. It is 
99% + pure and available in several 
sizes to meet your requirements. 


PHELPS DODGE REFINING CORP. 


300 PARK AVE NEWYORK 22NY 66m STIRFFICHICAGO 
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serving as chief geologist for several 
years before the merger with the 
Phelps Dodge Mining Co. Upon his 
retirement in 1952, he was chief 
geologist for the Copper Queen 
Branch of Phelps Dodge. He was an 
active community worker, and 
moved with his wife to Santa 
Monica, Calif., in 1954, to set up a 
home. 


Henning Marstrander (Member 
1939), mine inspector, was accident- 
ally killed near Helena, Ala., on Mar. 
31, 1959. He had been inspector for 
the USBM in the Birmingham dis- 
trict for the last 14 years. Born in 
Denmark, he was educated there and 
at Columbia University, receiving 
his engineer of mines degree from 
the Norwegian Institute of Technol- 
ogy in 1917. He worked in various 
capacities for the Norwegian govern- 
ment. In 1921 he was a mining en- 
gineer in Uniontown, Pa., where he 
later began work for the USBM. He 
also worked in Denmark and in Iran 
and was the author of several safety 
articles. 


Hubert Raymond Banks (Member 
1946), former senior metallurgist 
for the Consolidated Mining & 
Smelting Co., died on Feb. 4, 1959, 
in Ottawa, Ont., Canada. Born in 
Toronto, he graduated from the Uni- 
versity of Toronto in 1914 and went 
to Arizona for Consolidated Arizona 
Smelting Co. as mill operator. He 
spent three years in the Canadian 
Engineers in France, returning with 
rank of Captain, and in 1924 joined 
the firm he worked for most of his 
life. He was closely associated with 
flotation process applications, and 
helped develop the first tin recovery 
in Canada. 


Stuart A. Falconer (Member 1945), 
chief metallurgist for American 
Cyanamid Co., died at the Stamford, 
Conn., hospital on Apr. 25, 1959. He 
was 60 years old. He graduated from 
the University of British Columbia 
and did graduate work at Columbia 
University. He served in the Cana- 
dian Army during World War I and 
joined American Cyanamid in 1927. 


Lawrence Henderson (Member 1957) 
died on Apr. 24, 1959. He was born 
and raised in Alabama, attending 
Polytechnical Inst. and starting work 
with Tennessee Coal Iron & Railroad 
Co. in Birmingham. He worked there 
for 13 years, the last eight as fore- 
man in the coal mines. In 1941 he 
joined Republic Steel Corp. and in 
1946 he was with Alabama Power 
Co. as safety supervisor at Gorgas, 
Ala. 


Marvin J. Udy (Member 1918) pass- 
ed away on April 11, 1959. A native 
of Utah, he received B.S. and MS. 
degrees from the University of Utah 
where he was a Fellow in metal- 
lurgical research. In 1916 he was 
assistant research chemist for U.S. 
Smelting Co. and in 1918 he moved 
to Niagara Falls, N.Y., as chemist 


for Hooker Electrochemical Co. His 
many other endeavors included the 
development of Udylite Process Co., 
and special work on chromium plat- 
ing. From 1937 on he was vice pres- 
ident of Chromium Mining and 
Smelting Co., Saulte Ste. Marie, On- 
tario, in charge of research and 
development. 


William D. Van Dyke, Jr., (Member 
1940), president of the Mineral Min- 
ing Co., died at his home in Fox 
Point, Wis., Apr. 29, 1959. He was 
also a director of this controlling 
firm for mining interests of the Van 
Dyke family in Upper Michigan. In 
addition he was a trustee of the 
Northwestern Mutual Life Insurance 
Co. He graduated from Princeton 
University in 1917 and entered the 
Army, serving as field artillery Cap- 
tain in Europe during World War I. 


Frank W. Woodman (Member 1953) 
died on Mar. 15, 1959. He had been 
born in Iowa and graduated from 
South Dakota School of Mines with 
a B.S. degree in metallurgy. He 
worked for Columbia-Southern 
Chemical Corp. as superintendent, 
and was a consultant for Vanadium 
Corp. of America. He held several 
positions as superintendent, and 
studied the magnesium process in 
Manchester, England, for a plant 
in Henderson, Nev. of Basic Mag- 
nesium Inc. After a year with the 
U. S. Bureau of Mines he joined The 
Anaconda Copper Mining Co. in the 
research department. 


Edward L. Young (Member 1918) 
passed away on May 6, 1959. Born 
in Los Angeles, he graduated from 
the University of California in 1899. 
From 1905 to 1916 he was superin- 
tendent of the Hazel Gold Mining 
Co. in California, and for the next 
16 months he was field engineer for 
U. S. Smelting, Refining & Mining 
Exploration Co. In 1918 he was 
working for the U.S. Bureau of 
Mines making chrome investigations. 


Edgar Stuart Ward (Member 1953) 
died on Feb. 27, 1958. He was born 
and educated in Philadelphia and 
began his mining career as an engi- 
neer for the Highway Bureau of 
that city. He received a commission 
in 1917 from the Mexican Coal and 
Coke Co., Las Esperanzas, Mexico, 
and stayed for another assignment 
when his report was complete, then 
working for New Sabinas Coal Co. 
Ltd., and American Metal Co., all 
in Mexico. He returned to Philadel- 
phia in 1925 to work for several 
construction companies. 


William H. Watters (Member 
1954) died Dec. 6, 1958. Born in 
Vancouver, Wash., he _ attended 
Oregon State College, graduating in 
1916. He began work as a surveyor, 
then served in the Army in the U. S., 
France, and England as master 
engineer. In 1919 he was shift boss 
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in a lead refinery, Bunker Hill & 
Sullivan smelter, in Kellogg, Idaho. 
He traveled from Arizona to Bolivia. 
to San Francisco and New York in 
various positions including acting 
assistant manager of Yukon Gold 
Co. Federated Malay States. For a 
while he was self-employed, opera- 
ting a small gold placer in Cali- 
fornia. In 1937 he was general 
superintendent simultaneously of 
three dredging companies, with 
offices in San Francisco. And in 
1954 he became president and di- 
rector of field operations for 
Amuranium Corp. 


Sidney L. Wise (Member 1914) 
died on Feb. 28, 1959. He had been 
born in Baltimore and educated at 
Columbia University School of 
Mines, receiving an E. M. degree in 
1911. He began as assistant engineer 
for Suriana Mining & Smelting Co., 
in Mexico, for one year, then was 
an engineer for Mines Management 
Co. of New York, occupied princi- 
pally with examination work. He 
had his own financial consulting 
business in New York for many 
years. 


Edgar M. Barker (Member 1937) 
vice-president in charge of produc- 
tion for Calaveras Cement Co., 
died on Mar. 19, 1959. Born in Globe, 
Ariz., in 1909, he received a B.S. 
degree from the University of Utah 
in 1931 and spent the following two 
years as underground surveyor for 
the Union Corp., Springs, Transvaal, 
South Africa. He then worked in 
Northern Rhodesia, returned to 
California in 1936, and has been 
with Calaveras since 1947. 


Mare E. De B. Remy (Member 
1947) died in January 1959. He was 
born in Brussels, Belgium, and at- 
tended Louvains University Mining 
School. He worked for several 
firms in England, France, and Ger- 
many, and was director and manager 
of Remy & Co., Belgium Works in 
Europe and Argentina. In 1922 he 
became general manager of the firm. 
Nine years later he resigned to be- 
come independent and worked in a 
private research laboratory in 
chemistry, geophysics, and geology. 
From 1938 onward he staked dif- 
ferent mines and claims in Abitibi, 
Canada. 


Patrick E. Green (Member 1935), 
born in Spokane in 1914, passed 
away in 1958. He graduated from 
the University of Washington and 
gained mining experience in Cali- 
fornia, Montana, and Washington. 
He was superintendent of Cuban 
properties, Harbison & Walker Re- 
fractories, and superintendent of 
mines for International Mining, 
Grace y Cia., Bolivia. 


Lionel M. Hartvigsen (Member 
1954) was born in Sandy, Utah in 
1896, and recently passed away. He 
had been living in Midvale, Utah, 


where he was chief clerk of the 
Midvale plant. 


Thayer W. Saylor (Member 1945) 
died on April 7, 1959. He had been 
born and educated in Kansas, grad- 
uating from the University of 
Kansas in 1927. He had worked for 
International Smelting & Refining 
Co. in various positions progressing 
to assistant superintendent of the 
copper plant. 


John C. Steward (Member 1945), 
formerly of Plano and Aurora, II1., 
whose last address was Canon City, 
Colo., died Feb. 4, 1959, in Cali- 
fornia. He was educated at the 
Colorado School of Mines and 
worked in Illinois, Iowa, Colorado, 
Utah, and Washington. His many 
jobs included mining, banking, and 
cost accounting, work with the 
USBM and the Bonneville Power 
Administration. 


Stephen Szeli (Member 1955) was 
born in Hungary in 1902 and died 
recently. He was educated in the 
Royal Hungarian School of Forestry 
and was a mining engineer of 
Komlo mines of the Hungarian In- 
dustry Ministry. In 1940 he became 
chief manager of the mines and in 
1944 was the chief counsellor, con- 
trolling the Hungarian American oil 
industry order of the Ministry. In 
1948 he escaped from Hungary and 
made professional reports for the 
U. S. Army concerning the Hunga- 
rian coal and oil situation. He 
worked next in Switzerland in a 
machine tool work factory, then 
was planning engineer at a coal 
mine in Greece. On his arrival in 
the U. S. he worked as control 
chemist of Borax mine in Boron, 
Calif. 


Membership 


Proposed for Membership 
Society of Mining Engineers of AIME 
Total AIME membership on Aug. 31, 1959, 
was 32,615; in addition 2,738 Student Mem- 
bers were enrolled. 


ADMISSIONS COMMITTEE 

A. E. Weissenborn, Chairman; Frank A. 
fon. Vice Chairman; R. T. Lassiter, Charles 

. Lambur, Alfred D. Rood, William J. Rude, 
P. Warriner 

The Institute desires to extend its privi- 
leges to ev person to whom it can be of 
service, but s not desire as members _— 
sons who are unqualified. Institute members 
are urged to review this list as soon as pos- 
sible and immediately to inform the Secre- 
tary’s office if names of people are found 
who are known to be unqualified for AIME 
membership. 


Members 
William F. Berry, State College, Pa. 
William R. Buttler, Grants, N. M. 
James W. Dudgeon, Englewood, Calif. 
Peter P. Ferretti, Pocahontas, Va. 
Charles H. Gould, Burlingame, Calif. 
Juan B. Herrmann, Arequipa, Peru 
Arthur C. Hilander, Telluride, Colo. 
Y. William Isachsen, Albany 

John D. Kalasky, Pittsburgh 

Joseph T. Kennedy, Harrisburg, Pa. 
Karl H. Kundert, Moab, Utah 

Tito Lagana, Managua, Nicaragua 


Robert F. Merwin, Erie, 

—_ M. Michaud, Thetford Mines, Quebec, 
da 

Elmer V. Reinhardt, Grand Junction, Colo. 

Pedro Reyes Soto, Mexico City 

Byoung Charn Sohn, Inchon, Korea 

John J. Stetler, Eagle Mountain, Calif. 

Paul B. Teeter, Jr., Pittsburg, Calif. 

Bernard J. Tombelaine, San Francisco 


Associate Members 
Harry E. Brophy, Grand Junction, Colo. 
Howard Goodman, Chicago 
Glen J. Scofield, Bountiful, Utah 
James R. Wells, Birmingham 


Junior Members 
Geoffrey A. Dunlop, Mount Isa, Queensland, 
Australia 
Desmond J. Hay, Vatukoula, Fiji 
George E. Leuhring, Mt. Carmel, Ill. 
Antonio Madero, Boston 
Thomas G. Melrose, Coleraine, Minn. 
Arie J. Nuysink, Antofagasta, Chile 
Daniel C. Wilhelm, Pittsburgh 


CHANGE OF STATUS 
A to Memb 
Charles F. Osgood, Franklin, Pa. 
REINSTATEMENT 
Member 
Waldemar I. Konkoff, Burlingame, Caiif. 


Junior 
Antonio Nogales, Caracas, Venezuela 


Date Date of 
Elected Name Death 
1944 Arol W. Estey Unknown 


1949 Ralph B. Utt July 21, 1959 


SYA. 71 /? Pulsating Magnet 


BIN VIBRATORS 


—eliminate arching and plugging, keep 
coal and ores flowing freely out of bins 
and hoppers. 


3600 powerful vibrations per minute penetrate and agitate the mass of 
bulk materials in bins and hoppers—eliminate arching and plugging before 
they start—assure free-flowing supplies of coal and ore to processing 


equipment. 


SYNTRON builds a vibrator for every need large or small. They are easy 


to install—easy to operate. 


If your production is slowed by plugging or arching in bins and hoppers 


call SYNTRON or 


Write for complete catalog dato—FREE 


SYNTRON COMPANY 


554 Lexington Ave. 


Other SYNTRON Equipment of proven dependable Quality. 


VIBRATING 


SELENIUM or SILICON 


Homer City, Pa. 


CAR 


SCREENS RECTIFIER POWER UNITS RAPPERS 
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PROFESSIONAL SERVICES 


Listing Instructions 


Space limited to AIME members or to 
companies that have at least one mem- 
ber on their staffs. One inch, $50 per 
year; half inch, $30 per year, payable 
in advance. 


CHARLES P. SEEL 
Mining Geo 
Examinations in xico 
635 North Third Ave. Tucson, Ariz. 


Alabama 


& COMPANY, INC. 
Mini: ineers and Contractors 
Shoft & Slope Sinking, Mine Development 
int Construction 
1-18th Street 


Birminghom, Alc. Phone 56-5566 


STILL & STILL 
Consulting Mining Engineers and 
Geologists 
24 Union Block — Phone 658 
P.O. Box 1512 
Prescott, Arizona 


JACOBS ASSOCIATES 
Consulting Construction Engineers 
Specialists in tunnel and shaft work 
— Estimates — Methods Analyses — 
Engineering Geology of 
hoisting, haulage, ling 
and reduction plants. 


503 Market Street, San Francisco 5, Calif. 


ists-Geophysicists 
Air, and interpretation 
3301 No. Marengo, Altadena, Calif. 
Sycamore 4-1973 


Arkansas 


CLAYTON T. MeNEIL, E. M. 
Consulting Mining Engineer 
822 Bank of America Bldg. 
Tel. GArfield 1-2948 
SAN FRANCISCO 4, CALIFORNIA 


KIRK & COWIN, INC. 


RALPH E. KIRK PERCY G. COWIN 
Mining Consultants and Engineers 
One 18th St., S. W., Birmingham 11, Ala. 
Phone: State 6-5 


RAPHAEL G. KAZMANN 
Consulting Ground-Water Engineer 
Stuttgart, Arkansas 


Alaska 


California 


teed. Highest quality spectrographic. 
Only $5 per sample. 

REED 


620- jewood Ave. 
1, Calif. 


ALASKA MINERAL CONSULTANTS 
Phone 69867 


Anchorage, Alaska 


P.O. Box 3 
(airmail) 


WILLIAM A. O’NEILL 
Registered 
Consulting Mining Engineer-Geologist 
Exploration-Valuation-Management 


FAIRCHILD AERIAL SURVEYS, INC. 


Airborne Magnetometer & Gradiometer 
Surveys, Topographic Mapping, Aerial 
Photography, and Photographic Mosaics 
for Mining Exploration. 


224 E. 11th St. 30 Plaza 
Los Angeles New York 


Colorado 


FRANCIS H. FREDERICK & ASSOCIATES 
Consulting Mining Engineers & Geologist 
90 Market Street 
San Francisco 4, California 


BALL ASSOCIATES 
Oil, Gas and Minerals Consultants 


Douglas Ball S. Power Warren 
Offices 

C. A. Johnson Bidg. 1025 Ave. 

Denver, Colo. Washi D. C. 

ALpine 5-4878 STer + ‘3-1979 


Alaska Telephone: Sutter 1-1562 
Phone 47671 P.O. Box 2000 
ABBOT A. HANKS, INC. 
ASSAYERS-CHEMISTS 
Ari SPECTROGRAPHERS 
zona SHIPPERS REPRESENTATIVES 


Centennial Development Co., see Utah 
Diamond Core Britt Contractors, 
see Washington 


1300 Sansome Street 
San Francisco 11, California 
EXbrook 7-2464 


0. W. WALVOORD CO. 
Mill-Design and Construction 
301 Detroit St. Denver 6, Colo. 


THEODORE A. DODGE 


Consulting Mining Geologist 
635 North Third Ave. Tucson, Arizona 


Connecticut 


HEINRICHS GEOEXPLORATION CO. 
ii, Water Consultants & Controsters 

E MAGNET OMETER SURVEYS 
Geoph Geology Geochem & 


Box 5 7 Tucson, Aris. PH: MA 2-4202 


WARREN L. HOWES 
Consultant 
Metallurgical Plants 
Research ign, construction, operations 
Project Management 
Estimates—Appraisals 


1305 Hillview Dr., Menlo pat Calif. 
Tel. DAvenport 5-77 


JOHN F. MYERS 
Consulting Beneficiation Engineer 
2 Putnam Hill 
Greenwich, Conn. 


THORP >. SAWYER 
Consulting Engineer 
Mining & Water Project. Investigations, 
601 Va’ ~ - Bldg. 
Tel. MAin 4-372: Tucson, Arizona 


CARLTON D. HULIN 


Mining Geology 
7 Ardilla Road Orinda, California 


GODFREY B. WALKER 
Metallurgical Consultant 
Mineral Dressing & Extractive 
Metallurgy 
Heavy Media a Specialty 
33 Ballwood Road, Old Greenwich, Conn. 


1068—MINING ENGINEERING, OCTOBER 1959 


APPRAISALS 
ASSAYERS 
CHEMIST 
METALLURGICAL 


District of Columbia 


JOHN D. MORGAN, JR., E. M., PH. D. 
Consultant 
Business and Defense Problems 
in Metals, Minerals, and Fuels 
1001 Connecticut Ave., N.W. 


CLOYD M. SMITH 
Mining Engineer 
Mine Examinations 
Ventilation Surveys 
Munsey Building Washington 4, D.C. 


Florida 


HARRY 6. CANNON ASSOCIATES | 
ne — Engineers 
Ore 


Specialists in Heavy Minerals 
P.O Lakeland, Florida 


ALLEN T. COLE and ASSOCIATES 
Consultants — Industrial Minerals 
Phosphate, Barite, Minerals, 

ndustria! 
2815 Cleveland Heights Bivd. 


Florida 
MUtuel 3-9033 


MUtual 9-9351 


Ilinois 


ALLEN & GARCIA COMPANY 


47 Years’ Service to the 

Coal and Salt Industries as Consultants, 

Constructing Engineers and Managers 
Authoritative Reports and Appraisals 
332 8. MICHIGAN AVE., CHICAGO 

120 WALL 8T., NEW YORK CITY 


CONSTRUCTION 
CONSULTING ° 
DRILLING 
REPORTS 


GEOLOGISTS 
GEOPHYSICISTS 

MANAGEMENT 
VALUATIONS 


Indiana 


DIAMOND CORE DRILLING 
BY CONTRACT 
and werld’s largest manufacturer 
Core and grout hole drilling in coal, 
metal, and non-metallic deposits, both 
surface and underground. 
JOY MANUFACTURING CO. 
Contract Core Drill Division 
Michigan City, Indiana 


AND ASSOCIATES 
Civil and Mining Engineering Consultants 
United States and Foreign 

Porter Lexington, Ky. 


Maine 


Min 


G. F. COOPE 


ing Engineer 
BLUE HILL, MAINE 


Massachusetts 


Design, Marketi 
age 


RAYMOND B. LADOO 
Consulting Engineer—Industrial Minerals 
Deposit Location, Exploration, Process 


Economics, Percent- 
ion. 


42 Huntington Road Newton 58, Mass. 
Phone: (Boston) LAsell 7-1471 


JOHN F. MEISSNER ENGINEERS, INC. 
Consulting Engineers 
Conveyor Systems Storage Methods 
Plants Ship Loading Docks 
terials Handling and 
Processing Plants 

308 W. Washington St. Chicage 6, Ill. 


H. L. TALBOT 
Consulting Metallurgical Engineer 
Extraction and Refin 
Specializing in Coba' 
Room 911, 209 Washington Street 
Boston 8, Mass. 


of Base Metals 
and Copper 


Weir Co., 


Established in 1936 


MINING ENGINEERS & GEOLOGISTS 
DESIGN & CONSTRUCTION 
INDUSTRIAL ENGINEERING 


20 N. WACKER DR. ¢ CHICAGO 6, IL 


Continued 
on 
Page 1070 


DIRECTORY OF 
PROFESSIONAL 


SERVICES 


Alten Gerclp Company 
re 

Anderson, E. C. 
Ball 


Booth Co., Inc. 
Burbridge-Pyburn 
Burgess, Blandford C. 
Cannon Associates, Harry B. - oa 
Centennial Development Co. Utah 
Cole and Associates, Allen T. . 

Coope, G. 
Cowin & Company, | inc. . 
James M. 


Penns 
Fairchild fornia 
is H. 


ragh & Hickok New York 

Groff Engineering Company Pennsylvania 
Hanks, Inc., Abbot A California 
Heinrichs Geoexploration Company Arizona 
Howes, Warren L. California 


Hulin, Cariton D. California 


Jones, Philip L. - 
Joy Manufacturis 
e jorat ‘orn: 
Kirk labama 


tte Bros oon & Grobom New Y 

ind, George R . New Mexico 

Longrea Company, J. _ Minnesota 

row L. Minnesota 

Lottridge- wit & Associates Utah 
Mathews Engineering Co., Abe W. 


Minnesota 

McClintock, R. 
McNeil, Clayton T. a California 
rnold H New York 


8. 
Mott Core Drilling Co. West vi 
midt 
"Neil, ‘witiom A. 


Pierce bese Uteh 
Pitkin, Inc., 
Reed Engineeri 
sawyer, Thorp 
Seel, Charles P 


Smerchansk 


Smith, Cloyd 
we & Henwood, Inc, 
till rizona 
Talbot, H. Massachusetts 
R. Tennessee 
Thomas, Conrad Werd T 
Walker, Godfre ~ Connecticut 
Walvoord Co., Ww. Colerade 
Weir Company, Pau! ‘ IMinois 
won. J. New York 
‘oomer & Associates, J. W. Pennsylvania 
Wysor, D. C. _. New York 


See pages 1070 and 1071 
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Mlinois 
ew Mexico 
Colorado 
Tennessee 
ae Bateman, J. D. Canado 
B. B. R Co. Ohio 
a Behre Dolbear & Company New York 
Ingersoll, Guy E Texes 
Jacobs Associates Calitornia 
00 taniey M Mexico 
Morgan, Jr., John D District of Columbia 
Pennsylvania Drilling Company 
Pennsylvania 
Sharpstone, David C. Se. Rhodesia 
ee Shedwick, Jr., William J. Mexico 
By Shenon and Full Utah 
NC. 


PROFESSIONAL SERVICES 


For other items, 
see 


pages 1068 and 1069 


New Jersey 


i 

SHIPPERS REPRESENTATIVES 
Mine Examination Ana 

359 Alfred Ave. Teaneck, Jersey 


CONTINUED 


O'DONNELL & SCHMIDT 
Mining Consultants 
165 Broadwa Tel. BArclay 7-6960 
New York 6, N.Y. Cables: EXAMIMINES 


Minnesota 


THERON G. GEROW 


MINING CONSULTANT AND 
ENGINEER 


3033 Excelsior Bivd. 
Minneapolis 16, Minn. 
Telephone: Walnut 2-8828 


New Mexico 


Mining Engineer—Geologist 
Examination—Development—Production 


H. A. PEARSE 
Metallurgical Consultant 
Minerals Beneficiation and Extraction 
of Non-Ferrous Metals 
19 Pekahoe Dr., North Tarrytown, N. ¥. 

Phone ME 1-0810 


8 INC. 


ts—Spectroscopists 


R. LELAND 
in meer 
USA. ind Latin America 
P.O. Bor Ibuquerque, N.M. 


HARRY J. WOLF 
Mining and Consulti ng Engineer 
Examinations— t 
3 Glenwood St., Little Neck 638, N. ¥. 
Cable: MINEWOLF Tel. HUnter 2-7843 


E. J. LONGYEAR CO. 
Geological Fed Mining Consultants 
hotogeology 


76 South 8th Es ices 


Colorado B 

Shorehem Sidg 
°. treet to, Ont. 

129 de Champs-Elysees trance 

Zeekant 35 Hague, Holland 


R. L. LOOFB ngr. 
Site Testing — Plans — Estimates 
Underground Construction — Mining 

Mine Water Problems 
4082 Queen Ave. So. Minneapolis 10, Minn. 


Iron Ore Concentration Plants 

Materials Handling Systems 

Design and/or Construction 
Minnesota 


New York 


Allen & Garcia Co., see Illinois 
Fairchild Aerial Surveys, 
see California 
E. J. Longyear Co., see Minnesota 


DAVIDSON CHARLTON WYSOR 
Geologist and Sales Engineer 
Fifty Church St. 

New York 7, N. Y. Digby 9-3137 


ABE W. MATHEWS ENGINEERING CO. 


BEHRE DOLBEAR & COMPANY, INC. 
Geological, Mining and Metallurgical 


Consultants 
11 Broedway New York 4, N. Y. 


Ohio 


H. PICKERING 
Registered Professional Engineer 
Mining Consultant 


Truck Haulage & Crushing Plants 
302 E. 22nd, Hibbing, Minn. AM 3-5153 


Missouri 


GERAGHTY, MILLER & HICKOK 
Consulting Ground-Water Geologists 


Evaluation of Ground-Water Supplies 
Recommendations for the Solu of 
Ground-Water Problems 


110 East 42nd St. New York 17, N. Y. 


B. B. R. DRILLING CO. 
National Road West 
St. Clairsville, Ohio 
Diamond Core Drilling 
Contractors 
Mineral Foundation 


Cores Guaranteed Testing 


Pennsylvania 


PHILIP L. JONES 
Consultant 
ineral Economics & Mineral Dressing 
Heavy Media Specialist 
405 Miners Bank Bidg. Joplin, Me. 
Tel. MAytalr 38-7161 


LEGGETTE, BRASHEARS & GRAHAM 
Consulting Ground-Water Geologists 
Water Supply Salt Water Problems 
Dewatering Investigations 

Recharging Reports 


551 Fifth Avenue, New York 17, N. Y. 


EAVENSON, AUCHMUTY & 
GREENWALD 
MINING ENGINEERS 
Mine Operation Consultants 
Coal Property Valuations 


2320 Koppers Bldg. Pittsburgh 19, Pa 


AMEDEE A. PEUGNET 
CONSULTING MINING ENGINEER 
Telephone MAIN 1-1431 


705 Chestnut St. St. Louis 1, Mo. 


ARNOLD H. MILLER 
Consul 


ting 
Mine, Mill and Indus investigations 
Cable: “ALMIL’ 1. Cortiandt 7 
120 Broadway New York 5, N. ¥. 


GRAFF ENGINEERING 
COMPANY 
Mining Engineers and Surveyors 
39 E. Campbell St. Blairsville, Pa. 
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Socorro, New Mexico 


J. B. MORROW 
COAL CONSULTANT 
Oliver Bldg. 


Engineer 


Reports 
nations 
5505 Timberwelf 


Washington 


Pittsburgh, Pa. 


COME DRILL CONTRACTORS 


PENNSYLVANIA 
DRILLING COMPANY 
Subsurface Explorations. Grout! | 
dustrial Water Supply. 
pecting Large Diameter Drilled Shafts. 


Reports 
1205 Chertiers Ave., Pittsburgh 20, Pa. 


Diamond Bits — Drilli ty 
R. S. MeCLINTOCK Di. DRILL CO. 
HOWARD G. SCHOENIKE 
Consulting Geologist 
Examination—Evaluation—Explorat West Virginia 
Metallic and Nonmetallic 
Domestic—Foreign 
4039 Turnberry Cir. 
Tel.: MO 5-7079 Houston, Texas DIAMOND CORE DRILLING 
CONTRACTORS 
Testing Mineral Deposits 
Foundation Borings 
CONRAD WARD THOMAS MOTT CORE DRILLING CO. 
Registered Professional Engineer Huntington, W. Va. 


COMPLETE MINING CONSULTING U.S. & FOREIGN 
Bank of the Southwest Bidg., Houston, Texas 


SPRAGUE & HENWOOD, Inc. 
SCRANTON 2, PA. 
Diamond Drill Contractors and 
Manufacturers 
Core borings for testing mineral 
deposits in any part of the world. 


Utah 


J. W. Woomer & ASSOCIATES 
Consulting Mining Engineers 
Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 


Henry W. Oliver Bidg., Pittsburgh, Pa. 


BOOTH COMPANY, INC. 


Canada 


E. J. Longyeer Co., see Minnesota 


J.D. BATEMAN 


Consulting Geologist 
80 Richmond St. W. 
Terente 1, Canede Empire 4-3182 


M. G. SMERCHANSKI 


Consulting Mining Geologist 
Registered Professional Engineer 
411 Childs Bidg. Winnipeg, Manitoba. 
Phone: Whitehell 2-6323 


Mexico 


LOTTRIDGE-THOMAS 
& ASSOCIATES 


Professional Engineers 
705 Judge Building 
SALT LAKE CITY 11, UTAH 


STANLEY M. MOOS 
Mining Engineer 
SPECIALIST IN MEXICO AND 
CENTRAL AMERICA 


Mine Examinctions @ Mill Design 
Apartado 21 
Cables “MOOS” Tel: 46-67-97 


Texas 


> EMPIRE 38-5373 
Salt Lake City 4, Utah 


New Jersey 
P. De Le Reforme 


BURBRIDGE—PYBURN 
Consulting Engineers & Geologists 
Mining—Petroleum 
Southwestern U. S. & Latin America 
Mills Bidg., El Paso, Texas Tel. KE 3-4741 


SHENON AND FULL 


Consuiti Geologists 
1351 
Salt Lake City 8, Uren 
Telephone HUnter 4-725! 
Philip J. Shenon Roy P. Full 


Europe 


E. J. Longyear Co., see Minnesota 


Southern Rhodesia 


DAVID C. SHARPSTONE 
MINING ENGINEER ond GEOLOGIST 
So. Rhodesic 
Private Bag : T 199 Cables : Minexams 
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Metallurgical & Chemical Engineers ; 
Plant Operation and Testing 
333 W. 14th So. St. 
oe Salt Lake City 15, Uteh 
CENTENNIAL DEVELOPMENT CO. 
a Contractors 
ei Eureka, Utah Eureka 560 
Tucson, Arizona MAine 2-4202 
Tennessee 
mere JAMES A. BARR 
pas Consulting Engineer 
eae Mt. Pleasant, Tennessee 
‘ WILLIAM J. SHEDWICK, JR. 
i PRODUCTION AND MANAGEMENT Mine and Geologic 
SPECIALIST Maxice and Lathe America 
Mining 44 
Sanford Day ROGER V. PIERCE 1, 
Rig Concord, Tennessee Underground Mining Metheds, Cost — 
Cutting Surveys—Production Analysis 
—Mine Mechanization—Mine Manage- 
- — | 
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AGITATION 


We have the tools to help you solve your 
TOUGHEST Agitation Problems... Profitably! 


DENVER 


> DENVER Agitators for Mixing and Leaching 


New Turbine Type Propeller Agitators have been developed 
up to 120” in diameter propeller size for use in large diameter 


tanks. This permits operation at slower speeds and at lower pty Litt 
horsepower, yet effective agitation is obtained with pulps and = i — 
slurries as coarse as 8 mesh. Special propeller blade design a 
features eliminate cavitation, minimize wear, assure long life. a ee. 

\ gms’ || 


Equipped with DENVER Reducer Drive, a compact, totally- 
enclosed, self-lubricated speed reduction drive. Many speed | 
selections, simple construction, easy, trouble-free maintenance. 


Extensively proved in uranium mills—and for 
pulp suspension applications in leaching, mine back- F oa 
fill holding tanks and chemical processing. | 


a TURBINE TYPE AGITATOR 


* DENVER Agitators for DENVER Agitators for Mixing, 
Suspension Precipitation, Stripping 


SIZES TO 120” AND LARGER 
PADDLE 
acitator DIAMETER 
Ic DENVER supplies agitators of the vertical tur- DENVER can supply Agitators and 
bine type for intimate mixing, precipitation Mixers in a full range of types and 
and stripping. A complete line of worm gear sizes . . . for conditioning, mixing, 
DENVER Paddle Agitators are designed for drive units are available to power these im- scrubbing, leaching, precipitation, 
applications involving the gentle mixing of pellers at correct horsepower and speed for aeration, etc., for either batch or 
solutions or slurries containing #lids of fine your applications. Mixing propellers available : ‘ 4 
particle size. Equipped with DENVER vertical in full range of sizes to provide desired mixing SS ae Write for Bul 
shaft speed reducer. intensity. . . 
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